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Foreword 



Momentum Toward 
Health 

The Research Dynamic 



As a research organization of the Federal 
Government, the National Heart, Lung, and 
Blood Institute (NHLBI) has a mandate to 
stimulate and produce new knowledge. To 
ensure that research advances are put to 
wide scientific and practical use, the Insti- 
tute also is charged with disseminating the 
new information that its studies generate. 

This publication presents important new 
medical findings and advances in heart, 
lung, and blood research, with a goal of en- 
couraging their practical application. The ar- 
ticles are directed to a variety of audiences 
that make use of health information. These 
include government and private sector deci- 
sionmakers, who can bring the new infor- 
mation to bear on planning and policymak- 
ing; health professionals, who may want to 
adopt new concepts in their practices or 
pass ideas on to their patients; and consum- 
ers, who can use research results to live 
healthier lives. 

This publication is a public education 
supplement to the 12th Report of the Nation- 
al Heart, Lung, and Blood Advisory Council, 
a group of leading physicians, scientists, 
and lay persons who have a special interest 
in heart, lung, and blood medicine and re- 
search. The findings discussed are the result 
of an aggressive 10-year research program 
directed to the highest identified priorities in 
preventing and controlling heart, blood ves- 
sel, lung, and blood diseases. 

The articles that follow present the im- 
plications of these advances for individual 
and public health. Our objective is to pro- 
vide an understanding of the multistage pro- 
cess of biomedical research, an overview of 
the progress that has occurred in the past 10 
years, and direction in using research re- 
sults to make healthy lifestyle choices. 

The National Heart, Lung, and 
Blood Advisory Council 
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From Theory 
to Practice 

The Biomedical 
Research Spectmm 



"Science," a philosopher of science once 
wrote, "is sciencing." It is not a defined col- 
lection of formulas but an activity, a way of 
dealing with experience. 

The activity that is biomedical science 
has many aspects and many actors. Lewis 
Thomas, in his Liues of a Cell, compared the 
discipline to an immense intellectual bee- 
hive. "There is nothing," he said, "to touch 
the spectacle. In the midst of what seems a 
collective derangement of minds in total dis- 
order, with bits of information being scat- 
tered about, torn to shreds, disintegrated, 
deconstituted. engulfed, in a kind of activity 
that seems as random and agitated as that 
of bees in a disturbed part of the hive, there 
suddenly emerges, with the purity of a slow 
phrase of music, a single new piece of truth 
about nature." 

Like the age-old chicken-egg conundrum, 
we cannot always know which of the activi- 
ties of science comes first. We need facts to 
produce new theories, but we ?lso need the- 
ories to produce new facts. Jt is possible, 
however, to define categories of research ac- 
tivity that occur in the process of turning 
facts and theories into medical advance- 
ments. 

As the spectrum below shows, heart, 
lung, and blood research has at least five 
stages of activity, from looking for Thomases 
new pieces of truth to finding the best ways 
to put new knowledge into practice. Each 
one has contributed to the past decade's 
lifesaving progress in health care. 



Basic Research 

Building Blocks for Discovery 

Several decades ago, the prevailing view 
was that cholesterol quietly inhabited cell 
membranes and the circulating plasma, 
largely unnoticed and little understood. To- 
day, from television food advertisements to 
the cover of Time magazine to scientific lit- 
erature, cholesterol is a household word. 

This notorious lipid first came into the 
spotlight when statistical studies suggested 
that people with high blood cholesterol lev- 
els were more likely to develop heart attacks 
and strokes. We subsequently learned there 
is a "good" form of cholesterol (transported 
by high density lipoprotein or HDL) that 
seems to protect against these conditions at 
high concentrations and a "bad" cholesterol 
(transported by low density lipoprotein or 
LDL) that is associated with increased risk 
at high levels. Recent attention has focused 
on clinical trial results showing that cardio- 
vascular mortality can be reduced by lower- 
ing cholesterol levels with drugs. 

While these facts and findings have tre- 
mendous implications, some issues are 
even more fundamental. How is cholesterol 
produced? What causes high cholesterol lev- 
els? How do the HDL particles prevent car- 
diovascular problems? And, most critical of 
all, what is cholesterol's role in producing 
the plaque-clogged arteries of atherosclero- 
sis, which ultimately lead to heart attack or 
stroke? 
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These questions are the grist of the basic 
scientist, who investigates causes and fun- 
damental mechanisms to discover ;he hows 
and the whys. Individual steps forward in 
basic biomedical science, like the thou- 
sands of discrete chemical and biological 
building blocks they unravel, may disclose 
only a small part of a physiologic or disease 
process. T^ken together, however, these 
steps lead to the underlying knowledge on 
which ideas for treatments and cures are 
based. 

What have basic research scientists dis- 
covered about cholesterol? First, we know 
how it is produced and how it is circulated. 
Certain kinds of fat in the diet are one 
source of cholesterol, and the one most 
widely discussed. Cells in the intestines pro- 
cess this dietary cholesterol into esters and 
release them into the bloodstream. A sec- 
ond source of cholesterol is the liver, which 
produces it by synthesizing very low density 
lipoprotein (VLDL) and then converting it 
into a number of lipoprotein particles, in- 
cluding the risk-associated LDL. LDL con- 
tains cholesterol esters and transports them 
in the blood to various tissues and organs, 
for example, the adrenal glands, which use 
cholesterol to make steroid hormones. 

Researchers at the University of Texas re- 
cently learned that each person*s production 
of cholesterol is controlled by a receptor — a 
"balancing" device in the plasma membrane 
of cells. The cholesterol balancing act is 
two-sided. When normal cells need addi- 
tional cholesterol to function, they produce 
additional LDL receptors, which bind cir- 
culating LDL particles and release their cho- 
lesterol into the cell. When the cell gets 
enough cholesterol, an enzyme stops pro- 
duction of the new LDL receptors. 

The receptors appear to be equally impor- 



tant in preventing overproduction of LDL. 
The conversion process in the liver that pro- 
duces LDL from VLDL does not transform all 
of the VLDL. It leaves behind what is called 
a remnant particle. The LDL receptors in the 
liver bind these VLDL remnants and degrade 
them. Without this binding, the VLDL would 
remain in the plasma and be converted to 
additional LDL, producing an unhealthy 
excess. 

This defect, in fact, occurs in the condi- 
tion known as familial hypercholesterol- 
emia. Basic scientists have found that a ge- 
netic defect inhibits production of LDL 
receptors and causes cholesterol levels 
among those missing both LDL receptor 
genes six to eight times above normal. Peo- 
ple with the condition almost always devel- 
op heart disease, even the larger group that 
inherits one normal LDL receptor gene. 

Wbrk in outlining the metabolic pathways 
of HDL is currently less well-defined, but 
studies suggest that HDL may carry choles- 
terol away from the tissues (where LDL de- 
posits it). Other findings have shown that 
HDL may prevent cholesterol buildup by 
blocking the LDL from binding to its recep- 
tors in the cells and releasing its cholester- 
ol. Either mechanism would reduce the 
likelihood that excess cholesterol would accu- 
mulate in the arterial linings. 

It is this accumulation and the effect it 
has on platelets, endothelial cells, and the 
smooth muscle cells in the arterial wall that 
will be the focus of much basic science re- 
search in the coming years. These critical 
studies will tell us how atherosclerosis and 
heart disease begin and progress, informa- 
tion that is fundamental to continued im- 
provement in prevention and treatment. 
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Applied Research 



Using New Knowledge to 
Make New Tools 

When Rampal fingers his flute or Segovia 
his guitar, it may seem prosaic to recall the 
people who perfected the material for the 
guitar strings, the technique for fashioning a 
flute from wood or metal, or the combina- 
tion of c^^chitectural and structural elements 
that creates concert hall acoustics. Yet these 
unseen hands are equally responsible for 
the quality of the music we hear. 

Applied researchers make the same kinds 
of critical, but behind-the-scenes, contribu- 
tions to medical care. They focus on finding 
the specific knowledge to take a necessary 
step in improving care for a particular dis- 
ease. The results of their studies are the 
nuts and bolts of medical research: Animal 
models of a human disease, new diagnostic 
techniques and devices, and improvements 
in technologies that meet clinical and eco- 
nomic needs. 

A technology for removing selected blood 
components from whole blood is a good ex- 
ample of applied research and develop- 
ment. In this process, known as apheresis, 
blood is removed from the body An auto- 
mated centrifuge separates substances from 
the blood, which is then returned to the 
body. Primitive devices that make basic 
blood separations have been available most 
of this century, but a series of technical re- 
finements allowing more sophisticated ma- 
nipulations have occurred only in the past 
10 years. We can now collect 17 medically 
important elements from donated blood to 
use for replacement therapy Platelets, for 
example, are collected for use in controlling 
bleeding during coronary bypass surgery. 
Apheresis also can remove disease-causing 




substances from the blood and exchange 
them for electrolyte and other solutions to 
maintain blood volume. 

The technique now is being tested 
clinically for removing circulating autoan- 
tibodies, immune complexes, toxic sub- 
stances, and abnormal cell populations. As 
therapeutic efficacy is established, patients 
with conditions such as thrombotic throm- 
bocytopenic purpura, systemic lupus 
erythematosus, and myasthenia gravis may 
have applied researchers to thank for their 
new treatments. 

Many other examples suggest the inge- 
nuity of these medical inventors. A few high- 
lights include: 

• A new technique that literally washes dis- 
eased cells from the lungs by injecting 
and then aspirating a sterile solution. 
Known as bronchoalveolar lavage, it is 
safe, almost pain-free, and allows physi- 
cians to study cell populations and pro- 
tein content in diagnosing lung disease. It 
is most useful in differentiating among in- 
filtrative conditions such as asbestosis, 
sarcoidosis, and hypersensitivity pneumo- 
nia. 

• An enzyme to change blood types. A spe- 
cific enzyme converts type B cells to type 
O cells by removing one of the simple 
sugars that differentiates the two types. In- 
vestigators are now looking for a simple 
enzyme to change type A cells to type O 
cells. Because patients can receive trans- 
fusions only of type-compatible blood, the 



Apheresis, which separates com- 
ponents from the blood using an 
automa V - ^ centrtfuge, is a prod- 
uct of applied research and devel- 
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ability to transform donated blood to a 
needed type will improve blood re- 
sources. 

• An approach (tested in animal models) to 
measure blood flow to the heart following 
a heart attack. An application of positron 
emission tomography, this method of 
measurement allows scientists to see a 
picture of the heart and its circulation. 
The latter is important because reduced 
blood flow or perfusion is responsible for 
the often fatal tissue damage that can oc- 
cur in a heart attack or myocardial infarc- 
tion (MI). Methods being developed to im- 
prove perfusion during and after MI also 
may benefit from the ability to assess 
blood flow more safely and accurately. 



Clinical Investigation 

Developing and Refining 
Medical Care Practices 

One of every 12 black Americans carries a 
gene called hemoglobin S (HbS). This gene 
can transmit sickle cell disease and related 
hereditary disorders to the children of its 
carriers. A child born to a couple who both 
have a sickle cell gene has a 25 percent 
chance of developing the condition. 

In the past 10 years, sickle cell disease 
has received increasing attention because of 
the chronic anemia, major organ damage, 
periodic episodes of debilitating pain, and 
unrelenting emotional stress it produces. 

Clinical investigators have used insights 
from the basic science of molecular biology 
and new techniques developed through ap- 
plied research to produce prenatal diag- 
nostic tests. The opportunity to know if a 
fetus has this gene is now available to par- 
ents who once could only wait and see. 



The process of developing these tests is 
one example of how clinical investigation 
works — by combining basic and applied re- 
search with clinical observation to refine 
and improve methods for patient care. 

Before 1972, there was no way to diag- 
nose sickle cell disease until a child was 6 
months old. Based on new knowledge about 
the kinds of hemoglobin produced by sickle 
cell carriers, a prenatal test was developed 
to examine fetal blood samples. The proce- 
dure, called fetoscopy, was effective, but it 
also was costly and caused spontaneous 
abortion in 3 to 5 percent of women tested. 

New molecular technology allowed 
clinical scientists to develop a different kind 
of prenatal test. With this method they 
looked first at the amniotic fluid around the 
fetus for a series of nucleic acid fragments 
found to be linked to the HbS gene. The test 
was often successful but required similar ge- 
netic studies of other family members to in- 
terpret the findings. 

As investigators continued to refine the 
technique of amniocentesis, they found a 
way to recognize the mutation of the HbS 
gene itself in the amniotic fluid cells. This 
procedure was proven safe in extensive 
clinical application, and it is now widely 
available. It does, however, have two draw- 
backs: It cannot be performed until the 16th 
week of pregnancy, and test results are not 
available for 2 weeks. 

Once again, clinical investigators are re- 
sponding. A new diagnostic procedure, 
known as chorionic villus biopsy, removes 
small plugs of tissue from the chorionic villi 
(the hairlike projections of the membrane 
that surrounds the embryo in early pregnan- 
cy). The tissue contains rapidly dividing fetal 
cells, which are analyzed for a mutation in 
the DNA sequence. This method is currently 
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undergoing the testing for safety and accura- 
cy that amniocentesis has been through. If 
remaining questions about the technique 
are answered favorably it could allow ear- 
lier, faster prenatal diagnosis of sickle cell 
disease. 

Because clinical investigation involves 
transferring new knowledge into medical 
practices, prenatal diagnosis by DNA analy- 
sis has been and continues to be applied to 
other hereditary disorders. Thalassemia is 
already diagnosed using these methods, and 
the cloning of DNA sequences related to a 
number of other genetic diseases should al- 
low their use to multiply 

Diagnostic methods are not the only focus 
of clinical investigation. A similar process of 
defining and refining occurs in developing 
new drugs and other therapies, new surgical 
procedures, and new risk factors or preven- 
tive strategies. 



Clinical Trials 

Answering the Questions 
About Treatment 

Any new therapy or procedure developed by 
clinical investigators raises questions about 
its efficacy, long-term effects, and best use. 
Clinical trials are designed to answer these 
questions and validate new measures before 
they are routinely applied in medical prac- 
tice. 

What questions do clinical trials involve? 
One of the most basic is: Does a new drug 
or therapy reduce death or illness? The Beta- 
Blocker Heart Attack Trial, for example, test- 
ed the usefulness of the drug propranolol in 
improving survival among heart attack pa- 
tients. The trial showed that the drug did re- 
duce deaths by 26 percent and reduced as 



well the patient's probability of having an- 
other nonfatal heart attack. 

Clinical trials also compare therapeutic 
approaches and answer the question: Which 
kind of treatment is most successful? The 
Hypertension Detection and Followup Pro- 
gram (HDFP) featured this kind of compari- 
son. It revealed that systematic treatment to 
bring high blood pressure down to an estab- 
lished goal produces a 17 percent greater re- 
duction in mortality than usual care. The 
treatment consisted of pairing stepped-care 
drug therapy with aggressive patient fol- 
lowup, education, and support. 

The HDFP also answered another com- 
mon clinical trial question: Which patients 
benefit from therapy? Earlier trials had dem- 
onstrated the fact that drug treatment re- 
duced mortality foi people with moderate or 
severe blood pressures (diastolic above 95 
mm Hg), The HDFP looked at a new group, 
those with mild hypertension (90 to 94 mm 
Hg diastolic), to determine benefit. Results 
showed that systematic treatment reduced 
mortality even more for the mild group than 
it did for those with moderate and severe el- 
evations. 

A more subtle variation of the "who bene- 
fits" question is: Which therapy offers great- 
est benefit to a particular group? The Coro- 
nary Artery Surgery Study is a good example 
of a trial that answers this question. 

This trial compared prompt coronary ar- 
tery bypass surgery with the strategy of med- 
ical management until symptoms dictated 
surgery for a group of patients with coronary 
disease and mild symptoms. It showed that 
both approaches were about equally effec- 
tive in prolonging life. However, bypass sur- 
gery caused a greater reduction in chest 
pain and a greater improvement in activity 
level. 



To answer these kinds of questions reli- 
ably, a clinical trial is often a large, complex 
undertaking. The HDFP alone involved 14 
clinical ins itutions and about 10,500 par- 
ticipants tr ensure representative, broadly 
applicable results. It took 9 years from the 
initial recruitment of patients to measure 
progress adequately 

In addition, the HDFP's systematic care 
group received special interventions where- 
as the usual care group did not. Setting up a 
test and a control group allowed HDFP in- 
vestigators to be sure that the reductions in 
mortality they observed in the test group 
were a result of the special intervention, 
rather than of coincidence or an unrelated 
fector. Because the design of a clinical trial 
is critical to the validity of its results, scien- 
tists pay stringent attention to such details. 
Thus, while trial results receive the greatest 
recognition, some of its most important work 
takes place before the first patient arrives. 



Demonstration and Education 



Promoting Application of 
New Knowledge 

A woman in a supermarket knows she 
should be buying foods that help her family 
control weight and cholesterol. But when it 
comes to making real food choices, terms 
such as sodium content, fiber, calories, and 
polyunsaturated fat seem like a foreign lan- 
guage. 

A hospital in a large city reviews its emer- 
gency room records and finds a high per- 
centage of its patients are children with 
acute asthma attacks. While the hospital 
tries to cope with the costs, families wonder 
how to cope with the emotional strain asth- 
ma creates in their lives. 




A physician treats high blood pressure ac- 
cording to established guidelines. Reading 
the literature, he finds reports of new anti- 
hypertensive drugs, new approaches to di- 
etary management, and new clinical trial re- 
sults that answer many questions but raise 
others. 

These seemingly unrelated problems have 
a similar solution — the on-target dissemina- 
tion of new research findings. The demon- 
stration and education phase of the research 
spectrum meets this need to get research 
into the hands of those who can put it into 
practice. 

Although research dissemination projects 
have many mechanisms, the process usually 
has four common elements. Information is 
first synthesized. It then is packaged in prac- 
ticable formats appropriate to the informa- 
tion, the purpose, and the audience. Finally, 
it is distributed. Public and private sector 
groups with an interest in the information 
often are involved willi the NHLBI in format- 
ting and dissemination. These groups com- 
plete the cycle by giving the Institute feed- 
back about the new information. 
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How are demonstration and education ef- 
forts helping the woman in the market, those 
dealing with childhood asthma, and the physi- 
cian facing an information explosion? 

The Institute's Foods for Health Program 
worked with the Giant Food supermarket 
chain to help shoppers understand and use 
new research findings about diet and heart 
health. Shelf markers, posters, and leaflets 
pointing to low fat and low sodium foods, 
health-conscious recipes, and practical 
meal-planning guidelines were developed 
cooperatively and then placed prominently 
in Giant!s Vfeshington, D.C., area food 
stores. In a followup survey, shoppers who 
used the materials during the 1-year pilot 
program reported that the Foods for Health 
information helped them decide to change 
their eating habits. 

Since that time, the "Eater's Almanac" and 
other program materials have been reformat- 
ted, added to, and distributed to shoppers 
and other audiences concerned with healthy 



eating; the U.S. Army alone reprinted and 
distributed 9.5 million almanacs in its com- 
missaries. American Telephone and Tele- 
graph, Johnson & Johnson, the Food Market- 
ing Institute, P&C Foods, and the hotel 
division of DuPont are some of the major in- 
dustries and groups involved in disseminat- 
ing these materials. 

The NHLBI is using another mechanism 
to bring newly tested information about pe- 
diatric asthma to communities. Institute- 
supported research projects in the late 
1970!s developed and tested new techniques 
for helping children and their families to 
cope with and control asthma. The three 
long-term projects produced educational 
programs, each targeted for use in a differ- 
ent population or teaching situation. Pilot 
tests of the programs showed that the cours- 
es helped families take more steps at home 
to manage asthma attacks and to reduce the 
emotional stress this chronic disease brings. 
School absenteeism and associated hospi- 
talization and emergency room costs also 
declined. 

Without the Institute's active dissemina- 
tion, these important results might have 
been available only through articles in the 
medical literature or through talks given at 
professional meetings. 

The NHLBIls Division of Lung Diseases 
and the Office of Prevention, Education, and 
Control, however, developed an active out- 
reach effort that began by formatting the 
three educational programs into concise, 
easy-to-use teaching tools. The American 
Lung Association (ALA), which itself had 
asthma education materials, agreed to col- 
laborate with the NHLBI. Together, they de- 
veloped a model workshop to introduce the 
educational programs to local health facili- 
ties, practitioners, schools, and other 



EKLC 



14 

] 



groups that might sponsor them. After sev- 
eral rounds of pilot testing, the workshops 
and supporting materials will be made avail- 
able to communities nationwide through the 
ALA. In addition to offering an appropriate 
network for dissemination, the ALA also is 
providing partial financial support for the 
project. 

One of the Institute's most important edu- 
cational functions is stimulating recommen- 
dations for medical practice based on new 
research to help physicians synthesize the 
variety of new information thai appears in 
the literature. In a process called consensus 
development, experts from around the 
country meet to decide how new, complex, 
or confiicting findings might affect clinical 
practice. 

Because new information about high 
blood pressure has increased substantially 
in the past decade, a series of expert panels 
have been convened to update medical 
management guidelines periodically. Panel 
members represent the major professional 
and health organizations involved in high 
blood pressure control — groups such as the 
American Heart Association, the American 
College of Physicians, the American Medical 
Association, and the American Nurses 
Association. 

In 1984, the Joint National Committee on 
the Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC) suggested a 
number of new directions for high blood 
pressure control. The committee gave rec- 
ommendations for using the many new 
drugs and new types of drugs developed 
since the 1980 JNC, for example. It intro- 
duced the concept of carefully monitoring 
those with "high normal" blood pressure, 
the 85 mm Hg to 89 mm Hg diastolic range 
that population studies show carries an in- 



creased risk for heart disease, and elabo- 
rated on the best uses of nondrug therapy. 

Once a consensus report was agreed on, 
the groups represented on the panel cooper- 
ated in disseminating it to their members. In 
1984, more than 100,000 reports were dis- 
tributed this way. 

This network of organizations is more 
than a conduit for information. The broad 
representation throughout the process en- 
sures that JNC recommendations are credi- 
ble and accepted. Gaining audience accep- 
tance of new information is a critical step in 
reaching the goal of demonstration and edu- 
cation activities — practical application. 



From Theory to Practice to Theory 

The biomedical research spectrum repre- 
sents the varied activities that make up the 
NHLBI's scientific process. In practice, how- 
ever, the progression of knowledge is much 
less a linear move from theory to practice 
than the diagram suggests. 

A critical feature of the scientific method 
is the potential for every stage in the process 
to produce new theories and suggest the 
need for additional new facts. 

Referring to science as a whole, the phi- 
losopher Alfred North Whitehead said that 
the method of invention was the greatest in- 
vention of all. Because the biomedical re- 
search method does not always proceed in 
straight-line fashion, it may sometimes seem 
mysterious. The dynamism and diversity of 
the process itself, however, has allowed 
heart, lung, and blood medicine to make 
the lifesaving progress demonstrated in the 
past decade. Lewis Thomas calls this com- 
plex, interrelated process "the most power- 
ful and productive of things human beings 
have learned to do together." 
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Pathways to 
Discovery 



Many people tend to envision a medical 
"breakthrough" as something that happens if 
not literally overnight, at least very close to 
that: a culmination of steady technological 
progress coupled with the sudden insight of 
a single brilliant medical researcher. But 
scientists know better. 

The first successful transplant of a human 
heart from one body into another, performed 
by Dr. Christian Barnard in 1967, was the 
subject of round-the-world headlines. Be- 
hind that dramatic event, however, were 
years of animal experiments as well as years 
of experience in transplanting human kid- 
neys. Such surgery had been attempted as 
far back as the 1940's, and the first wholly 
successful kidney transplant took place in 
1954 at Peter Bent Brigham Hospital. 

Organ transplants — indeed, almost all 
modern surgical procedures — ^would not be 
possible without today's highly controllable 
anesthetics, infection-preventing antibiotics, 
and advanced surgical techniques. Surgery 
itself has evolved over centuries of trial and 
error and, in turn, has been inherently de- 
pendent upon intimate knowledge of human 
anatomy That knowledge can be traced di- 
rectly to the pioneering work of the Flemish 
physician Andreas Vesalius, who in 1543 
published his definitive De Corporis Humani 
Fabrica (On the Structure of the Human 
Body), the very first accurate work on the 
subject. It was the same year in which 
Copernicus published a revolutionary vol- 
ume asserting that the Earth orbits the Sun, 
rather than the reverse. 

Vesalius was engaged in basic research — 
research directed toward greater knowledge 
or understanding. Sometimes that leads to 
applied research, which suggests ways for 
putting the knowledge to practical use 
Sometimes many other steps intervene, as 



between Vesalius' careful mapping of the 
human interior and Dr. Barnard's transplant 
of the human heart. Such a venture was be- 
yond the dreams of Vesalius, who sought 
only to understand and describe the body's 
structure. 

This synergy between basic and applied 
research, the unpredictable and the 
planned, is fundamental to scientific re- 
search in general and to biomedical re- 
search in particular. 

Basic Research 

The Unexpected Uses of 
New Knowledge 

In 1977, Julius H. Comroe, Jr., M.D., and 
Robert D. Dripps, M.D., published a now- 
classic study which was, essentially, "re- 
search on research." In it, they traced the 
key developments behind major advances in 
the areas of cardiovascular and pulmonary 
medicine — the heart, circulatory system, 
and lungs — over the previous three decades. 
Of the studies that produced major clinical 
advances, almost one-half focused on topics 
totally unrelated to the eventual "break- 
through." 

Examples of such scientific serendipities 
arise for many kinds of discoveries that now 
help control and prevent heart, lung, and 
blood diseases. 

• Echocardiography, an ultrasound tech- 
nique used in the diagnosis of heart prob- 
lems such as mitral valve disease and car- 
diac enlargement, had two incd^ ertent 
precursors. Naval research found that so- 
nar devices using reflected sound waves 
could detect submarines under water. A 
study of the way in which bats, flying at 
top speed in the darkness, catch tiny in- 




Testing for Rh fector In the Mood, 
knowledge of wtilch allows accu- 
rate blood typing for transfusions. 



An understanding of the Rh factor 
was derived from a study on the 
variations In color of butterfly 
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sects also elucidated ultrasonic echoing 
mechanisms. 

Heparin, an anticlotting agent that pre- 
vents thrombosis and is indispensable to 
successful open heart surgery, was dis- 
covered by a Johns Hopkins University 
medical student. He was working on a 
basic biochemistry problem on factors 
favoring coagulation of blood. 
Cardiac catheterization, another important 
diagnostic tool for evaluating heart dis- 
ease, was developed by two pulmonary 
physiologists who wanted to learn more 
about how blood and air are distributed 
to air sacs in the lungs. Some years later 
these scientists and others applied the 
technique to assess patients with specific 
congenital heart defects. 
The discovery of the Rh factor in the 
blood allows accurate blood typing for 
transfusions and ensures safer childbirth. 
It derived from a study on the variations in 
color of jKjitterfly wings. 
Hypothermia, gr body cooling, which is a 
technique i?kcess?^ry for successful heart 
surgery, was made possible in part by a 
study of the causes of torpidity in the ten- 
rec. Researchers found that the tenrec, a 
tropical animal, could be made to hiber- 
nate in winter months by slightly decreas- 
ing its body temperature. 
X-rays, which are used in diagnosing all 
kinds of heart, lung, and blood vessel dis- 
eases, were discovered by basic scientist 
William Roentgen. He was studying the 
electrical nature of matter when he found 
that x-rays from a Crooke*s tube could 
pass through the human hand and darken 
a photographic plate. 



Many Discoveries = A "Breakthrough" 
The Comroe-Dripps study also made an- 
other interesting point. Not one of the ad- 
vances they investigated was the result of a 
single breakthrough by a single brilliant sci- 
entist. Each depended on trails blazed by 
others. 

One such advance was the conquest of 
childhood rheumatic fever — once a com- 
mon crippler that turned formerly robust 
youngsters into frail invalids. Since the 
1960^, the disease huS been vanishing from 
the United States although it remains a ma- 
jor problem for underdeveloped countries. 
Comroe and Dripps tracked that conquest 
back to the first observation, in the late 19th 
century, that the disease did in fact involve 
the heart— although not until after 1900 was 
the precise nature of the heart lesion pin- 
pointed. Still, its cause was unknown, and 
no connection was made with infection. 

Without the development of microscopes 
and without Leeuwenhoek's discovery of the 
existence (though not the mischieQ of bac- 
teria, the bacteria that cause disease would 
not have been isolated. (The bacterium of 
leprosy— the first — ^was isolated by Hansen 
in 1874.) Pasteur contributed the idea of 
conferred immunity In our own century, the 
ubiquitous bacteria known as streptococci 
were identified and analyzed (one strain had 
been isolated in the 1880!s). The advent of 
antimicrobial agents — the sulfas and pen- 
icillins—occurred in the 1930*s, although 
large-scale production of antibiotics did not 
take place until the next decade. Also in the 
1930's came the realization that there was a 
relationship between streptococcal infection 
and rheumatic fever, and finally, it was per- 
ceived that if streptococcal throat infections 
were effectively treated with antibiotics, 
rheumatic fever — ^which may be a sequel to 
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such infections -could be totally prevented. 

Is this always the way research works? 
While exceptions exist, the complex path- 
ways to discovery portrayed in the Comroe- 
Dripps study hold true for many of the key 
clinical advances of the I970*s and 1980^. 
The following three accounts illustrate how 
the nonspecific and sometimes unrelated re- 
sults of basic research — and the planned ap- 
plication of new knowledge to specific prob- 
lems — worked together to prevent hepatitis, 
treat respiratory distress syndrome in in- 
fants, and establish the role of cholesterol 
as a risk factor for heart disease. 



The Fight for a Bab/s Breath 

Little Lungs, RDS, and Dr. 
Ugglns' Lambs 

In November 1963, most Americans of every 
political persuasion found themselves 
reaching out emotionally to the young wid- 
ow of President John F. Kennedy In the 
shock of that devastating, violent loss, few 
remembered that Jacqueline Kennedy had, 
in fact, been twice bereaved; her second 
son, Patrick Bouvier Kennedy, had died ear- 
lier that year. 

The Kennedy infant was one of an esti- 
mated 25,000 newborns who succumbed in 
1963 to a condition still known by the purely 
descriptive phrase "respiratory distress syn- 
drome"— RDS for short (sometimes abbrevi- 
ated NRDS, "N" for "neonatal," pinpointing 
the specific incidence of the syndrome). 
Mainly as a result of technological advances 
in neonatal care, fewer now die, but the syn- 
drome is still responsible for some 10,000 
infant deaths in our country each year. 

Prematurity is the number one cause of 
newborn deaths. A premature birth is one 



that occurs before nature intended, the un- 
expected entrance of an infant into the outer 
world when that child still needs the nurtur- 
ing environment of the womb. Among pre- 
mature infants, RDS is the number one kill- 
er; and RDS develops in 1 in every 100 live 
b»-ths. 

In RDS, a baby's lungs have not developed 
sufficiently to sustain life outside the womb. 
Even if the infant, with breathing assistance 
and round-the-clock intensive care, survives 
that crisis, the oxygen deprivation can lead 
to lasting consequences, including brain 
damage. Thus, there have been constant ef- 
forts to predict the syndrome, to improve 
treatment, and most of all to prevent RDS 
entirely. 



Predicting RDS 

Physicians do have a better understanding 
of the basic problem than they had two dec- 
ades ago, an understanding derived mostly 
from autopsy examination of RDS*s tiny vic- 
tims. In the mature lung, a fluid known as 
surfactant is present. This liquid, which reg- 
ulates surface tension within the lung, is es- 
sential to the opening and closing of the al- 
veoli, the tiny air sacs, so that they can 
effect the oxygen-carbon dioxide exchange 
necessary for life. The result in RDS is that 
after a single breath, the lungs — almost like 
sponges that have been squeezed dry and 
not released from the grip — fail to expand or 
expand insufficiently (the severity of the syn- 
drome varies). 

Predicting the likelihood of this disorder 
is helpful because such a rescue effort re- 
quires both special equipment and experi- 
enced personnel — physicians and nurses 
expert in dealing with these fragile infants. 
If the risk can be foreseen, the rescue team 
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Sadmbi^ imeMMl ratoMch on 
the adrenal 0andt of theap was 
tha key to a new dnig for pravanl- 
Ing neonatal reaplraiofy dMress 
^yndnxne (NRDS). 



can be standing by before the babyls birth. It 
is also sometimes possible to delay the im- 
minent birth, in hope of buying some pre- 
cious lung-maturing time. 

In the late 1960*s, researchers at the Uni- 
versity of California, San Diego, found a way 
to detect the level of lung maturity before 



birth. Elements of surfactant, they found, 
were present in the amniotic fluid surround- 
ing the fetus, but there was a change when 
the fetal lungs had reached maturity. At that 
point, the levels of a phospholipid called 
lecithin rose in relation to another phos- 
pholipid called sphingomyelin. By using 
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amniocentesis (inserting a hollow needle 
through the mother^s abdomen and into the 
fetal sac and withdrawing a sample of the 
amniotic fluid), the physician can determine 
the level of lung maturity. When there is evi- 
dence of immaturity, the health care team 
can attempt to postpone the birth until re- 



peated sampling shows a lecithin/ 
sphingomyelin ratio that signals maturity, as 
well as prepare for the treatment of an infant 
with RDS in case those delaying tactics fall. 



Improving Lung Maturity 
Major attention in the area of prevention has 
focused on quite another part of the body, 
seemingly not intimately connected with the 
lungs or their function — the pair of endo- 
crine glands, located in the upper abdomen 
just above the kidneys, called the adrenals. 
Interest in them stemmed from two uncon- 
nected observations that occurred, quite lit- 
erally, a world apart. 

Scientists at Pennsylvania State University 
reported in early 1972 on autopsies they had 
performed on 387 infants who had survived 
for less than 3 days; 220 had died of RDS, 
the rest from other causes. All the organs 
were carefully weighed, measured, and ex- 
amined and, in the course of that scrutiny, 
pathologists found something quite unex- 
pected: The adrenal glands of the RDS in- 
fants were 19 percent (nearly one-fifth) light- 
er than those of the other infants. 

Meanwhile, in Auckland, New Zealand, in 
research unrelated to RDS. investigators led 
by Dr. G.C. Liggins were studying the rela- 
tionship of the adrenal glands to the onset 
of labor — not in humans but in sheep. In- 
jecting the unborn lambs with adrenal hor- 
mones, they discovered, induced premature 
delivery. They also found, again entirely un- 
expectedly, that some of the lambs survived 
even though they were born as early as 1 18 
days after conception (the normal gestation 
for sheep is 147 days). That news sparked 
new thinking on the part of two North Amer- 
ican research teams. 

At Johns Hopkins University in Baltimore, 
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investigators set out to test the possibility 
that lung maturity might have made the dif- 
ference for the surviving lambs. Using ewes 
carrying tv^ins, they injected just one of each 
fetal pair with adrenal hormones. In all 
cases, the lungs of the treated lamb turned 
out to be more mature than those of its twin. 

At McGill University in Montreal, pediatri- 
cians were also intrigued by Dr. Liggins* 
lambs, but they wondered if the phenome- 
non were confined to sheep. They decided 
to find out by experimenting with a different 
animal, the rabbit. Singling out one or more 
fetuses in several pregnant rabbits for hor- 
mone injection, given on the 24th day of 
gestation (normally 31 days), they removed 
the fetuses for examination 2 or 3 days later. 
The lungs of the injected fetuses were 
"approximately twice as mature" as those of 
their littermates. Injected rabbits survived, 
on the average, four times longer than their 
untreated siblings. Microscopic examination 
of the lungs of the treated rabbits revealed 
heightened cellular maturity and, signifi- 
cantly, pulmonary surfactant that had, as 
they put it, "appeared ahead of schedule." 
When lungs from those fetuses were re- 
moved and experimentally inflated, they 
were found capable of holding more air. 

The hormones in question are known as 
corticosteroids, often referred to popularly 
in the singular, "cortisone." They are pro- 
duced by the cortex, or outer layer, of the 
adrenals. The one secreted in humans is 
called Cortisol, and there are many natural 
and synthetic forms and variations, which 
are used in the treatment of a variety of con- 
ditions, including deficiency diseases as 
well as rheumatoid arthritis and other auto- 
immune disorders (in which the hormones 
suppress inflammatory reactions). 

The New Zealand scientists went on to 



apply the therapy to humans, giving hor- 
mone injections to pregnant women before 
the advent of premature labor. By the 
mid-1970*s, U.S. investigators were showing 
increased interest. A team at Boston Chil- 
dren's Hospital Medical Center pointed out 
that the Cortisol levels in amniotic fluid gen- 
erally rise at about the same time as the 
lecithin/sphingomyelin ratio and that infants 
delivered vaginally have higher blood levels 
of the hormone than those delivered by ce- 
sarean section — suggesting that higher Cor- 
tisol levels are normal, perhaps even neces- 
sary, accompaniments of labor. 



Long-Term Effects 

Still, there were questions, relating specifi- 
cally to a fundamental tenet of medicine: 
Primum non nocere, "First of all, do no 
harm." What untoward effects might hor- 
mone administration have on mother and 
child? 

In 1976, under the sponsorship of the 
NHLBrs Division of Lung Diseases, a 7-year 
trial was begun, designed to answer three 
questions: (1) Would adrenal hormones in- 
jected in mothers-to-be reduce the incidence 
of RDS in their babies? (2) Would there be 
short-term adverse effects on mother or 
child? (3) Would there be adverse effects on 
early childhood growth and development? 
The research took place at five university 
medical centers in the United States and 
Canada and involved nearly 700 women at 
risk for premature delivery in whom testing 
showed that fetal lungs had not yet reached 
maturity. The women were randomly as- 
signed to receive either the corticosteroid 
dexamethasone or a look-alike inert liquid. 

There were no ill effects on the mothers 
or on the newborn infants. The children 
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who suivived and were not lost to followup 
(more than half were still available at the 
age of 3 years) were evaluated at 9, 18, and 
36 months. No deficiencies were found in 
those children whose mothers had received 
the hormone; in fact, their height and weight 
were slightly greater than those of the chil- 
dren of the untreated mothers. There were 
also more respiratory infections reported by 
parents of children in the placebo group 
during the first years. 

As to the primary question of whether the 
intervention was beneficial, there were two 
surprises. One was unquestionably a bonus 
"side effect": There was a much lower rate, 
among the infants exposed to dexametha- 
sone in the womb, of a severe intestinal dis- 
order called necrotizing enterocolitis. This 
condition occurs most often in premature 
infants, afflicts an estimated 4,000 babies in 
the United States each year, and has a mor- 
tality rate of 30 percent. 

But the main surprise was the selectivity 
of the beneficial effects of treatment. Over- 
all, the incidence of RDS in the treated 
group was reduced by one-third in compari- 
son to the placebo group. But that effect did 
not occur across the board. In the few cases 
of multiple births, the hormone had been of 
no help at all. Nor were there any apprecia- 
ble benefits to male infants; the promising 
decrease in problems was due almost en- 
tirely to beneficial effects on single female 
fetuses. Refiecting normal patterns, a little 
over one-half of the mothers in both the hor- 
mone and placebo groups gave birth to 
sons. Among the boys, slightly more of 
those in the steroid group (14.9 percent) 
had RDS than in the placebo group (14.1 
percent); but for the girls, the figures were 
18.8 percent for daughters of untreated 
mothers and only 4.8 percent for those of 



mothers who ha'i received the hormone. 

Further, there were racial differences. The 
RDS figures for whites were: Placebo group, 
19.7 percent; treated group, 16.7 percent. 
The results for blacks were: Placebo group, 
9.8 percent; treated group, 4.3 percent. Fig- 
ures for "others," who included both His- 
panics and American Indian?, were: Placebo 
group, 28 percent; treated group, 6.4 per- 
cent. This represented a dramatic RDS-inci- 
dence reduction of more than 77 percent. 

Clearly the trial demonstrated the desir- 
ability of dexamethasone administration in 
potential RDS cases, at least for girls, and 
especially nonwhite girls. This limited appli- 
cation has the potential to prevent perhaps 
15,000 cases annually But why the differ- 
ences? The question has sent the baffied 
scientists back to basics. Cleanly much re- 
mains to be learned about the roles that 
hitherto unsuspected factors, including sex 
hormones and genetic influences, may play 
in RDS. 



Turning to Primates 

Researchers have realized, too, that rela- 
tively little is actually known about the 
course of prenatal development, despite the 
revelations of such sophisticated technology 
as amniocentesis and ultrasound. Part of the 
reason for this lack of knowledge, of course, 
is that interrupting human pregnancy solely 
for the purpose of fetal study would be un- 
thinkable. Thus, biomedical scientists seek- 
ing answers turn to animals, especially to 
subhuman primates, since they are phys- 
iologically closer to humans than, say 
sheep or rabbits. 

Since prematurely delivered baboons de- 
velop a respiratory distress syndrome much 
like RDS in humans, baboons are currently 




These twins, Men hefo at age 
two, were bom prematurely and 
devetoped respiratory distress 
syndrome. As a result of NHLBI- 
supported studies, they received 
ilfesaving treatment that allowed 
them to enjoy a nonnai, healthy 
childhood. 
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A acannhig eledron mlcto^aiih 
of a macraphage (laf^B mass at 
bottom), n o s eo r che i s believe 
these large white ceOs may play a 
role In the NROS disease pro- 



providing an excellent model for RDS re- 
searchers. Studies of monkey fetuses at vari- 
ous stages of pregnancy are providing new 
insights about the development of the cir- 
culation, muscles, and nervous-system activ- 
ity that may. it!s now suspected, have some 
bearing on the cause of RPS. 

The dexamethasone questions are also 
being pursued in the model monkeys. Ex- 
periments are now under way to determine 
exactly how the hormone is optimally 
passed from mother to fetus and just how it 
acts, or does not act, on the fetal lung. The 
animal trials have already shown that when 
the hormone is effective, it not only speeds 
surfactant synthesis but also increases lung 
inflatability, just as scientists observed in the 
rabbits more than a decade ago. How this 
occurs is not yet known. Nor is it known 
why, in the animals, antenatal hormone 
treatment is effective mostly in male off- 
spring, in a complete reversal of the results 
in the human trial. Still another hint of a 
new research path has arisen in the possible 
role of macrophages, which are large 



"scavenger" white cells whose normal func- 
tion in the body might be described as pa- 
trolling the internal environment and truck- 
ing off litter— cellular debris resulting from 
the destruction of invading organisms as 
well as the continuous discarding and re- 
placement of worn-out cells. Premature in- 
fant monkeys with RDS have few such mac- 
rophages in the alveolar sacs of their lungs; 
animals without RDS have a great many 
more. What role they play, and how their 
numbers relate to RDS, is still a mystery 



Blood Barriers That 
Shortchange the Heart 



Cholesterol and the CPPT 

Cholesterol is a substance with a split per- 
sonality Secreted by the liver and stored in 
the gallbladder, it plays a major role in di- 
gestion as an active constituent of bile. (Its 
name, coined from two Greek words, simply 
means "bile solid.") But it can also prove to 
be a major troublemaker. It coalesces to 
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form gallstones and, in its most infamous 
guise, ioins with other substances in the 
plaques that occlude the arteries, including 
those supplying the heart itself. It thu5 con- 
tributes to the devastating event technically 
termed myocardial infarction and known fa- 
miliarly as a heart attack: A death of heart- 
muscle tissue due to failure of oxygen supply. 

The role of cholesterol in this process was 
not defined ovemight. 1Wo decades ago, 
there was a strong suspicion that elevated 
cholesterol levels in the bloodstream con- 
tributed to coronary heart disease. But sus- 
picion is not proof. Nor had it been demon- 
strated that lowering the level of blood 
cholesterol— if, indeed, that was possible- 
could prevent heart attacks. Nevertheless, 
by the mid- 1 960^ many physicians began to 
advise their patients to go easy on dietary 
fats, especially the forms known as saturat- 
ed fats, which seemed likely to foster high 
cholesterol levels. 

Over the next few years, there were many 
anecdotal reports, as %vell as tales of trials 
conducted on small groups of patients, 
showing that lowering of serum cholesterol 
could be achieved in some by diet, in others 
by drugs (several have been introduced over 
the last two decades), and in most by a 
combination of the two. But would that real- 
ly prevent heart attacks? No one could tell 
from tests on one patient or even a fairly 
small group, because the Hndings might be 
skewed by other factors and concun^nt 
risks. What was needed was a very large co- 
hort of test subjects drawn from a number of 
geographical areas. 



Constructing a Conclusive Test 
The Coronary Primary Prevention THal 
(CPPT), sponsored by the National Heart, 
Lung, and Blood Institute, was launched in 
1973, with !2 participating university re- 
search centers in the United States and Can- 
ada. The subjects of the study were about 
3,800 men with higher-than-normal blood 
cholesterol (medically, hypercholesterol- 
emia). They ranged in age from 35 to 59 and 
as yet had no evidence of heart disease. The 
study was limited to men, because men 
have been shown to t>e far more susceptible 
to heart attack than women. 

All the subjects were placed on moder- 
ately low-fat diets and were randomly as- 
signed to one of two groups. One group was 
given the cholesterol-lowering drug cho- 
lestyramine, the other a placebo. Cholesty- 
ramine was selected because it was known 
to be low in side effects and because it lent 
itself easily to devising the placebo, which 
is an inert substance used in clinical trials 
and speciHcally concocted to be indistin- 
guishable from the active medication being 
assessed. The trial was double-blind, a hall- 
mark of scientiHc respectability in any such 
research involving a medication, i^either test 
subject nor physician knew whether the 
''medicine** was the test medication or the 
dummy drug, thus eliminating any effects 
due to biases, hopes, or expectations on the 
part of physicians or patients. Each of the 
3,806 participants was followed and tested 
for a minimum of 7 years; those who had 
neither died nor experienced a heart attack, 
stroke, or other evidence of cardiovascular 
disease were followed for a full decade. 

The result, announced in January 1984: 32 
deaths from coronary heart disease oc- 
cun^ed among those who had received the 
real drug; but 44, or 37.5 percent, more 
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deaths occurred among those who had 
taken the placebo. Importantly, there were 
no differences between the two groups in 
other presumed risk factors such as smok- 
ing, exercise, weight, or alcohol consump- 
tion. While both groups lowered their blood 
cholesterol (showing that diet alone can 
achieve some improvement) the figures fell 
significantly lower among those taking the 
drug. 

The calculated reduction in deaths from 
coronary heart disease as well as nonfatal 
heart attacks in the diet-plus-real-drug 
group was 19 percent, nearly one-fifth. Fur- 
ther, when the risk was analyzed in relation 
to the degree of reduction in the serum cho- 
lesterol level, the researchers found that a 
25 percent reduction in blood cholesterol 
level meant a heart attack risk reduction of 
49 percent. This decline represents a 2 per- 
cent risk reduction for every 1 percent drop 
in serum cholesterol. 

Strictly speaking, the results of the re- 
search apply only to those who fit the de- 
scription of the test subjects — middle-aged 
males with substantial elevation of blood 
cholesterol. But the participating scientists 
feel that results are probably applicable to 
females as well as younger pi opie of both 
sexes. 



Bock to Basics 

While the CPPT has borne out a long-held 
hypothesis and will doubtless spur a great 
deal of applied research, much still remains 
to be learned about the physiological pro- 
cess of atherosclerosis, the occlusion of key 
arteries by obstructive lesions. While drug 
researchers are seeking improved agents, 
basic scientists are returning to the body it- 
self to find clues to the atherosclerotic pro- 



cess. Paths currently being pursued: 

• Platelets, also called thrombocytes — the 
blood's clotting cells — seem to play a role 
in atherosclerotic plaque formation. 
Platelet-derived growth factor, which is se- 
creted by the platelets, appears to stimu- 
late the proliferation of small muscle cells 
to form the plaque. The question: How? 

• Prostaglandins appear to be involved. 
These "minihormones," produced by 
many if not most of the body's tissues, 
have a bewildering repertoire of varying, 
often counterbalancing, effects. They raise 
or lower blood pressure, incite or discour- 
age inflammation, constrict or relax the 
bronchial tubes. Some apparently have a 
major impact on the dilation and con- 
traction of arterial walls, as well as on 
platelets. The question: What? 

• Collagen, a fibrous connective substance 
that is a constituent not only of muscles 
and cartilage but of binding tissues 
throughout the body, may also be in- 
volved. It was previously viewed as an in- 
ert framework binding fatty atherosclerot- 
ic lesions to arterial walls. Those 
delicately interlaced cages can apparently 
remain in place and act as mechanical 
obstructions to blood flow, even if the le- 
sion's fatty components have been dis- 
persed. The questions: How and why? 

• Aside from clear patterns of familial hy- 
percholesterolemia, some people appear 
to be more prone than others to adverse 
effects of high serum cholesterol levels; 
some with such levels, in fact, appear to 
be genetically protected. The question: 
How? 
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Something In the Blood 



The Saga of ''Serum" Hepatitis 

Outbreaks of hepatitis, with its wasting, de- 
bilitation, and characteristic yellowing of the 
skin and the whites of the eyes (jaundice), 
occurred as early as the fifth century B.C. 
"Campaign jaundice" ravaged armies in the 
Middle Ages. The disease struck the ranks of 
George ^Afeshington's Delaware Regiment 
and disabled some 70,000 Union troops dur- 
ing the Civil ^Afer. And it is still very much 
with us today; some 57,000 cases were re- 
ported to the U.S. Centers for Disease Con- 
trol (CDC) in 1983. As with a great many dis- 
eases reported to the CDC, recorded cases 
unquestionably represent only the tip of the 
proverbial iceberg. 

By the early 20th century, with the discov- 
ery of the viruses responsible for yellow 
fever and other ills, scientists began to sus- 
pect that hepatitis, too, might be triggered 
by one of these tiny organisms. By then it 
had been observed, too, that the disease 
seemed to take two distinct forms. One form 
ran rampant under unsanitary conditions, 
such as those of military encampments 
where food was carelessly handled and 
sewage flowed unchecked. It was clearly 
contagious, and it came to be known as 
"infectious" hepatitis. 

The other form of hepatitis apparently en- 
tered the body only through the blood- 
stream. Outbreaks had been traced to small- 
pox inoculation programs, later to clinics 
treating diabetes with injected insulin. It was 
(and is) far more lethal, with a death rate of 
5 to 10 percent; it came to be known as 
"serum" hepatitis. By the 1960's, serum hep- 
atitis was perceived as a major threat to 
those suffering from illnesses and injuries 
requiring blood transfusions; hepatitis-con- 



taminated blood could be a killer, not a life- 
saver. By the end of that decade, however, 
new hope had arisen, not only for protecting 
transfusion recipients but also for prevent- 
ing the illness in the first place. 



The Role of Antigens 

That hope stemmed from a purely fortuitous 
event, quite unconnected with any thought 
of conquering hepatitis — a 1963 discovery 
by scientists working at the National Insti- 
tutes of Health. They were engaged not in 
seeking the cause or cure of a disease but in 
studying genetic variations in the blood of 
populations around the world by looking for 
various antigen-antibody reactions. Anti- 
bodies are produced by the body in re- 
sponse to invasions by "foreign" organisms, 
which might be infectious agents such as vi- 
ruses or bacteria, or simply alien tissue in- 
compatible with those of the recipient and 
therefore "rejected." Antigens can be de- 
scribed as biochemical "flags" carried by 
such invaders, identifying them and signal- 
ing their presence to the immune system. 
They trigger antibody production, which 
might be helpful (as in warding off an infec- 
tion), or distinctly unhelpful (as in rejecting 
a transplanted organ or transfused blood). 

The investigators found that a serum sam- 
ple from an American hemophilia patient 
who had received a number of blood trans- 
fusions contained an antibody that reacted 
against something in a serum sample from 
an Australian aborigine. Since antibodies 
are produced only after encountering a par- 
ticular antigen, the scientists reasoned that 
somehow the American hemophiliac had 
previously been exposed to the substance in 
the aboriginels blood, which the researchers 
dubbed "Australia antigen," or "Au antigen'.' 
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They set out to search for this mysterious 
substance elsewhere, and their quest was 
rewarded. It turned up not only in Australia, 
but in serum from many other people all 
over the world. One finding seemed to be 
consistent, substantiating the assumption 
that the Au antigen was a genetic marker, 
like the Rh factor, found in some people but 
not in others. A person who tested positive 
for Au antigen on one occasion tested 
positive on other occasions as well, and 
negative Au antigen tests remained Au nega- 
tive — ^just as type A blood remains type A, 
type B remains type B, and so on. But in 
1966, that tidy pattern collapsed. 

In that year, the physician-scientists rou- 
tinely retested a patient who had tested 
negative before. They were startled to find 
that the man now tested positive for Au anti- 
gen. The researchers had no inkling that 
they were on the verge of a momentous dis- 
covery, that they were about to unearth a 
medical Rosetta Stone. Because the patient 
apparently had developed a "new" protein, 
and since many proteins are produced in 
the liver, they proceeded typically and per- 
formed a series of liver chemistry tests. 

Preoendoe Screening 

Those tests showed results highly suggestive 
of hepatitis. The diagnosis was confirmed by 
liver biopsy. And by the end of the year, the 
researchers, now focusing on blood tests of 
known hepatitis patients, were firmly con- 
vinced that the Au antigen was connected 
with the disease and might even be the 
cause of the illness itself. Other investigators 
confirmed these findings and, while the pre- 
cise role and identity of Au antigen were still 
unknown, the possibility of one preventive 
step seemed strong enough to proceed 



clinically, and blood intended for transfu- 
sion began to be screened for the antigen. 
At Philadelphia General Hospital, one of the 
first to institute a screening program, the 
posttransfusion hepatitis rate had been cut 
by two-thirds by the early 1970's. An assay 
kit was developed and approved for com- 
mercial distribution in 1972, and the testing 
soon became routine throughout the United 
States and many other countries. 

By the early 1970's it was clear that the 
two forms of hepatitis were in fact two dis- 
tinct infections, and since both were infec- 
tions, the previous labels were less than ac- 
curate. "Infectious" hepatitis was renamed 
hepatitis A, and "serum" hepatitis became 
hepatitis B. Au antigen was associated only 
with the latter. (Hepatitis caused by neither 
the A nor B virus was soon called hepatitis 
C, but since it is not clear how many viruses 
may be involved, a nonidentified hepatitis 
virus is now termed "non-A, non-B.") 

It was becoming apparent that mere 
screening of blood to be used for transfu- 
sions was not enough. Transmissions 
through a number of routes far from transfu- 
sion territory were being rapidly docu- 
mented. The hepatitis B virus (HBV) can 
make its way into the bloodstream from nee- 
dles used by earpiercers and heroin addicts, 
by acupuncturists and tattoo artists, and by 
technicians giving children TB tests. It can 
be carried by the bites of mosquitoes, bed- 
bugs, and human beings. It can even es- 
chew a direct route, moving from person to 
person via the placentas in pregnant wom- 
en, breast milk, sexual intimacies, and 
shared toothbrushes. And an estimated 0.5 
percent of the U.S. population, 1 in 200, are 
positive for Au antigen. They are carriers of 
the virus (although they themselves may not 
be ill) and may infect others. 
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The Au antigen is not identical with HBV; 
the virus itself has now been identified as an 
organism first observed by a British re- 
searcher (dubbed, before its true nature was 
established, "the Dane particle"). The Au 
antigen is merely a substance forming a part 
of the protein coating of the viral particle it- 
self; it is now called HBsAg, for hepatitis B 
surface antigen. Knowledge of HBsAg al- 
lowed scientists to develop a brand new 
kind of vaccine. 



The Vaccine 

It was soon found that a preparation pu- 
rified from plasma containing HBsAg, wnile 
incapable of causing disease, could never- 
theless confer immunity by inducing in the 
recipient production of antibodies that 
would effectively fight the whole virus. 
(Other vaccines use small quantities of actu- 
al virus, whether live or killed.) After suc- 
cessful tests in animals, small clinical trials 
in humans were attempted, and they, too, 
proved successful. Next, the first tightly con- 
trolled, broad-based trial of the vaccine in 
humans was launched. The results of that 
trial, supported in part by an NHLBI grant, 
were reported in October 1980 by a team 
from the New York Blood Center. It had been 
established that the vaccine could reduce 
the incidence of hepatitis B by over 90 per- 
cent. And since there is an apparent con- 
nection between a highly lethal liver cancer 
and prior HBV infection, it may reduce the 
prevalence of that malignancy as well. The 
vaccine received licensing approval from 
the Food and Drug Administration in late 
1981 and became generally available the fol- 
lowing year. 

While the HBV vaccine is both safe and 
effective, it is not cheap. The antigen must 



be isolated from pooled plasma collected 
from carriers and exhaustively purified and 
safety-tested. Each batch of the vaccine must 
go through that lengthy and expensive pro- 
cess. Now under study are ways to employ 
genetic engineering techniques to produce a 
possibly cheaper vaccine by coaxing a yeast 
to produce and clone a substance bio- 
chemically equivalent to HBsAg. 

Scientists are now on the threshold of 
conquering two major killers — the most le- 
thal form of hepatitis, and a tumor that is 
one of the most malignant known. Yet this 
giant step began with a small stumble over a 
surprising laboratory finding more than two 
decades ago. Whether these strides might 
have been made had someone set out delib- 
erately to do so is an unanswerable ques- 
tion. Dr. Baruch S. Blumberg, the head of 
the NIH team that discovered the link be- 
tween the Au antigen and hepatitis, received 
a Nobel Prize for the work in 1976. But as 
Dr. Blumberg told his Stockholm audience 
in accepting the award, he and his fellow re- 
searchers were simply trained scientists fol- 
lowing an Intriguing set of clues and "had 
no set views on where this path might lead 
.... From [the circumstances] it is clear 
that I could not have planned the investiga- 
tion at its beginning to find the cause of 
hepatitis B." And, he added, there is a 
lesson for the future: "This experience does 
not encourage an approach to basic re- 
search that is based exclusively on specific 
goal-directed programs for the solution of 
biological problems." 
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nincdon and Rallure 

Vl:>u.^lizlng Heart, Lung, 
and Blood Disease 



The heart, lungs, and blood work in syn- 
chrony to provide oxygen and nutrients to 
all the tissues of the body and to remove the 
waste products of metabolism. Air is inhaled 
into the lungs; the oi^rgen it contains dif- 
fuses through the membranes between lung 
tissue and blood vessels into the plasma 
and then into the red blood cells (eryth- 
rocytes) where it binds with hemoglobin. 
The oxygenated blood returns through the 
pulmonary vein to the heart which pumps 
the blood to all parts of the body. Once the 
arterial blood flows into the tissue capilla^ 
ies, oxygen passively difluses out of the red 
blood cells and is replaced by cartx>n diox- 
ide. The venous blood returns to the lungs, 
and as it fldws through the capillaries of the 
lung tissue, carbon dioxide difluses from 
the blood into the air sacs (the alveoli) from 
which it is expired and eliminated from the 
body. This cycle of respiration and circula- 
tion proceeds smoothly and ceaselessly in 
the healthy individual. There are numerous 
points in this sequence of events, however, 
where the process can go awry and result in 
malfunction— a heart, blood vessel, lung, or 
blood disease. 



OownaqfArtatyPliaDia 

Coronary heart disease, which claimed 
555,000 American lives in 1982, can result 
from atherosclerosis in the arteries that sup- 
ply blood to the heart muscle. The inner lin- 
ing of the arteries becomes thickened, 
rough, and covered with deposits of yellow- 
ish plaque that contains cholesterol and 
other lipid material. As the disease progress- 
es, the inner diameter of the blood vessels 
decreases and blood flow is slowed or even 
completely blocked. The plaque becomes fi- 
brous and hardens as a result of mineral in- 
filtration. 

Like all muscles in the body the heart 
muscle, or myocardium, depends upon a 
continuous supply of oxygen and nutrients 
for normal function— to beat more than 
100,000 times a day-^s it delivers oxygen- 
ated blood to all the other tissues of the 
body. Blood is supplied to the myocardium 
through the network of coronary arteries and 
its branches. An obstruction in a coronary 
artery results in ischemia, a deficiency of 
blood supply to the heart muscle that can 
cause muscle death, technically known as 
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MocMl artMy wWi eHhtiir n^rocardial infarction. Reversible, temporary 
ik»d MtaM taNoon ki plaost ischemia does not cause muscle damage 
IMC, cmnpifMi wMiartMy but may cause angina pectoris, pain ttiat oc- 

timing MMidMtooii curs i^n Stress or exertkm* Depending on 

pmMngpiiiMagriMtM whether the blockage is complete or partial 
aiiMtai Mir 1^ and on tne extent of muscle damage, ttie pa- 

tient with coronary heart disease can experi- 
ence angina pectoris that can signal subse- 
quent heart foilure, arrhythmias, n^ocardial 
infarction, or sudden death. 

The symptoms of coronary heart disease 
can sometimes be controlled With medica- 
tion. For some patients with coronary heart 
disease, tiypass surgery is recommended. In 
tills procedure, a segnieni of a blood vessel 
from tiie leg is grafted onto ttie obstructed 
coronaiy artery to provide a detour around 
tiie blockage. 

Recently, a potential alternative tc bypass 
surgery for some patients has been devel- 
oped and evaluated— percutaneoUw trans- 
luminal coronary angioplasty, or FKX In 
tills procedure, a cattieter is ttireaded 
through an artery in the aim or 1^ to the 
clogged area of the coronaiy blood vessel. A 
tiny t>alloon at the tip of the catheter is 
rapidly inflated and deflated. The pressure 
of the inflated balloon pushes the deposits 
(A plaque against the wall of the artery and 
thereby increases the diameter of the lumen, 
or channel, of the blood vessel so that 
blood can flow more freely. 




Clinlcai trials of PICA have demonstrated 
an overall success rate of 59 to 63 percent in 
1,500 patients from 73 participating centers. 
PICA is not wittiout risk, and eligible pa- 
tients must meet specific clinical criteria. Al- 
though not indicated for all patients with 
coronary artery disease, PICA offers an alte^ 
nath^e to some of those who wish to avoid 
or postpone coronary bypass surgery. 



BmpnyMira ano Bioncniiis 

The respiratory tract can t>e visualized as an 
inverted tree beginning witii ^e trachea, or 
windpipe, which branches into t>vo bron- 
chi—one entering each lung. The^e airways 
branch into ever smaller airways, the bron- 
chioles, which end in tiie alveolar ducts 
from which the air passes into tiie alveoli, 
tiny elastic air sacs. The function of this sys- 
tem is to delwer oxygen from inspired air to 
the capillaries that surround the alveoli. The 
blood can then deliver tiie oj^rgen to all tiie 
cells of the txxiy. 

At rest, each breath moves approximately 
500 ml of air into and out of tiie lungs. Thus, 
the healthy respiratory system is able to 
meet a requirement of 200 ml of oxygen per 
minute to resting cells. Equivalent volumes 
of carbon dioxide are eliminated. Under 
conditions of exertion or exercise tiiis re- 
quirement increases up to 30-fold. 

Chronic obstructive pulmonary disease 
(COPD) interferes witii this delivery system 
in two ways: tiie bronchi become clogged 
with mucus and destruction of tiie alveoli 
occurs. Each causes a diminution of the res- 
piratory systemls ability to deliver o)Q^gen to 
the bloodstream. COPD is the fastest rising 
cause of death in tiie country. The term 
COPD refers to boUi chronic bronchitis and 
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emphysema, which usually coexist in vary- 
ing proportions. 

Chronic bronchitis is diagnosed by the 
presence of cough and sputum production 
that occurs daily for at least 3 months of 
each year for more than 2 successive years. 
The lining of the bronchi contains many 
mucus-producing glands that serve as a de- 
fense mechanism. In response to irritation, 
these glands produce mucus that ensnares 
particulate matter. Projections on the cells 
that line the bronchi, called cilia, sweep the 
mucus up and out of the bronchial tree. 
Bronchitis is characterized by multiplication 
and enlargement of the mucous cells, result- 
ing in overproduction of mucus in the large 
airways, and by edema and inflammation of 
the small airways. 

The term "emphysema" describes an irre- 
versible pathologic condition of the terminal 
air spaces of the lung. Normally the 300 mil- 
lion alveoli appear as a honeycomb of elas- 
tic, hollow, grapelike structures that branch 
off the smallest airways. The thin walls of 
the alveoli are richly supplied with capilla^ 
ies. and it is here that gas exchange occurs. 
Their normal elasticity enhances the expira- 
tion of air from the lungs. The walls of the 
alveoli, however, are fragile and susceptible 
to injury In emphysema the alveoli become 
distended and lose their elasticity, and the 
alveolar walls, or seplae. are destroyed. In- 
flammation and irritation trigger the destruc- 
tive process. The condition is in^versible. 
and its progression results in difficulty ex- 
haling air. shortness of breath, and righl- 
sided heart failure. 

Researchers have demonstrated that de- 
struction of the alveolar walls is due to an 
overabundance of a proteolytic enzyme, or 
protease, called elastase. Nonmally. the pres- 
ence of a protease inhibitor. alpha-I antitryp- 
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sin. prevents digestion of the alveolar walls 
by elastase. Scientists have reproduced an 
experimental model of emphysema by in- 
stilling elastase into animal lungs. To date, 
no method of reversing the destruction has 
been found, Production of synthetic alpha-1 
antitrypsin using recombinant DNA technol- 
ogy may ultimately lead to clinical trials of 
this substance with the intent of halting the 
progression of emphysema. 
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SicMe08lDlte«e 

Oxygen in the air we breathe ultimately 
passes into the blood in the capillaries that 
surround the lung tissue. Although some of 
it remains dissoWed in the plasma, most of 
it is chemically bound to hemoglobin, a pro- 
tein in red blood cells (RBCls). Normally 
biconcave, flexible, and smooth, the 
erythrocytes carrying oxygen rich hemo- 
globin slide in single file through the capil- 
laries that serve all the tissues of the body. 

Hemoglobin, the protein that carries oxy- 
gen to tissues throughout the body, is com- 
posed of two pairs of amino acid chains. In 
sickle cell anemia, the hemoglobin mole- 
cule is altered by the substitution of the ami- 
no acid valine for glutamic acid at position 
6 of the beta hemoglobin chain. When red 
blood cells containing this abnormal sickle 
hemoglobin lose their oxygen to the tissue 
cells, the sickle hemoglobin can aggregate, 
form fibers within the red cell, and distort 
the cell into the characteristic "sickled" 
shape. 

These misshapen erythrocytes are rigid 
and clog the capillaries, resulting in partial 
or complete blockage of the blood supply. 
Although any tissue or organ can be affected 
by impaired circulation, the heart, lungs, 
kidneys, spleen, hips, and brain are the 
most frequently damaged. 

The most common clinical manifestation 
of sickle cell disease is the occurrence of 
crises— episodes of debilitating pain that 
can last several days. Organ function gradu- 
ally deteriorates as a result of circulatory ob- 
struction. In addition, the lifespan of a sick- 
led red cell is shortened from the normal 
120 days to a), proximately 20 days, resulting 
in a chronic anemia. Individuals with sickle 
cell disease are also at increased risk for 



life-threatening infections. This is especially 
true in infents and children with sickle cell 
anemia in whom pneunnococcal septicemia 
is the single greatest contributor to mortality 
through the age of 5. 

Sickle cell disease, which affects approxi- 
mately 50,000 Americans, mostly of African 
descent, is a hereditary disorder that must 
be present in both parents io appear in the 
offspring. The disease lasts a lifetime and 
exacts a heavy financial and psychological 
toll on the patient and the fami^. Modem 
molecular biology and genetic engineering 
techniques may ultimately make it possibte 
to repair or replace the defective gene that 
directs the production of abnormal henK> 
globin. 
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The En of 
Tadmology 



pL*rhapH nowhere more than for heart, 
lung, and blood vessel diseases is technolo- 
gy doing so much to advance medical capa- 
bility. 

The advances have come swiftly and in- 
clude such diagnostic and research tools as 
digital subtraction angiography, ultrasound 
B. magnetic resonance scanning, and cine 
CT. Among the assist techniques are devices 
for better arrhythmia control, pacemakers 
able to slow as well as speed abnormal 
heartbeats, and left ventricular assist de- 
vices (IVADM. 

These new techniques allow speedier 
more accurate, and more convenient diag- 
nosis and more effective treatment; they 
have preventive value as well. 




Sentinf What*t There 



DIagnattIc Technologies 

Subtracting to See 



Digital Subtraction Angiography 

A patient is experiencing intermittent weak- 
ness and speaking difficulty. To investigate 
the possibility of an impending stroke, the 
physician orders digital subtraction an- 
giography (DSA), an outpatient examination 
of the carotid arteries in the neck that pro- 
vide blood to the brain. 

A fluoroscopic image of the carotids is 
made and stored in a computer memory; 
then a dye that is opaque to x-rays is in- 
jected through a vein and a second image of 
the carotids is registered. Comparing the 
two pictures, the computer produces a 
"subtraction" image— everything common to 
the first two images is canceled out. After 
bones and soft tissue are subtracted, what's 



left is what^ wanted: a picture of the dye in 
the carotids, which shows whether they are 
open, narrowed, or ulcerated with the poten- 
tial of causing a stroke. 

DSA is showing promise in evaluating 
other major blood vessels, such as the aor- 
ta, leg arteries, and kidney arteries. It is ac- 
complished in as little as an hour with little 
patient discomfort. And there is reason to 
believe that, with further refinement, it may 
provide relatively quick evaluation of the 
coronary arteries and intracranial vessels. 
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Sounding Arteries and Heart 



Ultrasound B-Scan Imaging 

Until 1982, pediatric cardiologists could not 
see their patients while still in utero. They 
knew that 1 in 500 babies would have a con- 
genital heart defect, but that was only a sta- 
tistic; there was no way of knowing which 
baby would be the one. 

Today, using sophisticated sound wave 
techniques known as ultrasound B-scan 
imaging, they can see how the fetal heart 
has formed and is functioning; discerning 
details as small as 1.5 millimeters, they can 
monitor blood flowing through matchstick- 
size vessels. If a heart problem is found, 
hazards for the baby may be reduced by 
modifying care given the mother, and prepa- 
rations can be made for corrective action 
soon after birth. 

The noninvasive machine sends high fre- 
quency sound waves into the body from an 
external transducer, then analyzes the reflec- 
tions to produce bright two-dimensional im- 
ages. A recent NIH consensus conference 
concluded that ultrasound should not be 
used for routine fetal monitoring. Because of 
both its simplicity and ability to pick up as 
little as a 0.2 millimeter change in vessel 
wall thickness, however, ultrasound B is a 
valuable tool for specific fetal diagnostic 
needs. 

Ultrasound B also has applications for 
adults. In a recent study, for example, 125 
men were examined. None had symptoms of 
stroke, but all were at risk for carotid artery 
plaques because of high cholesterol levels. 
Ultrasound B-scan imaging clearly showed 
plaques in 70. Identifying high-risk adults by 
such screening techniques alerts them and 
their doctors to the necessity for preventive 
health practices to avert stroke. 
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With Resonance, No Radiation 
Magnetic Resonance Scanning 

It requires no radiation, no injection. Mag- 
netic resonance scanning shows the insides 
of blood vessels as if they were empty, pin- 
pointing early, tiny fat deposits on the walls. 
It can measure brain blood flow to identify 
stroke risk, image hematomas and blood 
vessel abnormalities in the head, and deter- 
mine the extent of tissue damage in heart at- 
tack victims. Magnetic resonance scanning 
also has potential for the noninvasive mea- 
surement of the distribution of lung water, 
pulmonary blood flow, and energy metabo- 
lism of the lung. 



The basic tool of magnetic resonance 
scanning is a huge doughnut-shaped elec- 
tromagnet. When it is turned on, the nuclei 
of certain atoms in the body— hydrogen, 
phosphorus, and others— line themselves 
up with the magnet's field. The magnetic 
resonance scanning machine then emits a 
radio pulse that produces another field at 
right angles to the first, and the nuclei turn 
to the second field. When the pulse is 
turned off. the nuclei flip back to original 
position, sending out their own radio waves, 
which are detected by a receiver and create 
a computer-generated image that provides 
both structural and functional information. 
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Scanning the Entire Heart 



Cine CT Tbmography 

Late in 1983, investigators at the University 
of California, San Francisco (UCSF), re- 
ported on a revolutionary electron beam 
scanner able to image the beating heart in 
three dimensions and measure myocardial 
(heart muscle) blood flow directly. 

The cine CT tomography scanner can take 
24 images per second as compared with the 
one picture every 1 to 5 seconds of conven- 
tional whole-body CT scanners. Because it 
can take exposures at eight anatomical lev- 
els, the entire heart can be scanned in "real 
time" as it actually beats. 

Furthermore, reported the investigators, 
the technique "provides a remarkable dis- 
play of the cardiac walls, hence thinning 
and thickening of the myocardium may be 
measured. Physicians, therefore, may be 
able to detect coronary artery narrowing ear- 
lier and with more precision than is possi- 
ble at present." 

Cine CT, with its cross-sectional "movies," 
can be used as an outpatient procedure and 
may reduce the need for cardiac catheteriza- 
tion in some patients. 
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Detecting Deep Vein Thrombosis 

Impedance Plethysmography 

The formation of a clot or thrombus in a 
vein deep in the leg is a potentially life- 
threatening event. Should the clot become 
dislodged and travel to the lung, a pulmo- 
nary embolism can occur. Diagnosis of 
deep vein thrombosis (DVT) has been diffi- 
cult and mariy times inaccurate, leading to 
unnecessary treatment with heparin. 

A new technique, impedance plethys- 
mography, has been developed that makes 
diagnosis of DVT in the thigh easier and 
more accurate. Using cuffs similar to the fa- 
miliar blood pressure measuring apparatus, 
the blood pressure in the vein above and be- 
low the location of the suspected clot is 
measured for 5 successive days. The mea- 
surements reflecting venous blood flow are 
charted on graphs representing each exam- 
inati<:n. If analysis of the results suggests 
the presence of a clot, x-ray visualization of 
the vein is indicated to confirm its presence 
after which heparin is prescribed for the pa- 
tient to limit extension of the existing clot 
and prevent formation of new ones. In some 
cases, the use of thrombolytic agents to dis- 
solve the clot also may be indicated. 
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Viewing Distant Lung Tissue 
Flexible Fiberoptic Bronchoscopy 

The evolution of the science of fiberoptics 
has made possible the development of so- 
phisticated equipment that pemiits visu- 
alization of areas of the body that heretofore 
were inaccessible without surgery. Fiberop- 
tics is the technique of transmitting light 
and optical images along flexible coated 
glass or plastic fibers. Fiberoptic bron- 
choscopy makes use of a curving, flexible 
tube containing these fibers, which is 
passed into the bronchial tree as far as dis- 
tal portions of the lung. The unique optical 
capability of the instrument as well as its 
flexibility permit direct visual examination 
of the entire respiratory system. 



Since its introduction, the flexible fiberop- 
tic bronchoscope has become an important 
tool in the diagnosis and management of 
various lung and airway disorders. Tissues 
suspicious of malignancy can be biopsied 
by several methods, the rate of microciliary 
clearance can be measured, and, with the 
use of lavage, samples of material from pe- 
ripheral airways or alveoli can be collected 
for examination. Fiberoptic bronchoscopy 
also provides a means of visualizing pulmo- 
nary embolism and occult tumors. 

Combining laser technology with fiberop- 
tics holds promise for the therapy and de- 
tection of lung tumors. 
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Assist Devices 

The Machine That Opened the 
Heart Surgery Frontier 



The Heart-Lung Machine 

Until the heart-lung machine became avail 
able, the heart had remained the last fron- 
tier for surgery because of the problem of 
trying to operate on the beating pump with- 
out disrupting circulation to vital organs. 
With the machine (also known as the pump 
oxygenator) taking over the heart's pumping 
work and the lungs' oxygenating tasks, intri- 
cate repairs — coronary artery bypasses and 
correction of serious congenital defects 
within the heart — became feasible. 

Blood returning from the patient's body 
through the two great veins, the venae ca- 
vae, is introduced through tubing into the 
machine. In its artificial lung section, oxy- 
gen is added and carbon dioxide is re- 
moved. The blood is then pumped into the 
patient's arterial system. 

With the machine in operation, the heart 
can be opened, its beating stopped, and re- 
pairs made in a bloodless and motionless 
fleld. 



tance for patients with acute left ventricular 
failure (shock) due to heart attack and have 
been used successfully in patients with 
failure after open heart surgery, who would 
be otherwise unable to be separated from 
the heart-lung machine. 

The temporary LVAD— attached externally 
to the chest and connected to the heart by 
short tubes — transfers blood from the left 
ventricle to the aorta and reduces ven- 
tricular work by 90 percent and the heart 
muscle's oxygen needs by 40 percent. It can 
give the ailing ventricle a chance to heal 
and resume functioning, sometimes within 
as short a period as 48 to 72 hours. 

Implantable LVAD's designed for multi- 
year use are currently being tested in ani- 
mals, with human clinical trials to come. 
They could benefit many thousands of pa- 
tients with end-stage left ventricular failure 
and congestive heart disease, who are too 
old for a transplant and not responding to 
maximum medical therapy. 





The hoart-kMig machine makes 
open heart surgery possible. 



Support for the Circulation 



The LVAD^ 

Until recently, the only substitute for the 
hearths pumping action was the heart-lung 
machine. Modern medical engineering has 
now developed compact new left ventricular 
assist devices — blood pumps — that can pro- 
vide months of continuous circulatory sup- 
port in animals. If further testing proves 
them reliable, LVAD's have potential impor- 




45 



45 




Ufosaveis 

Advances In Medical 
Treatment 



For patients who already have heart, lung, or 
blood diseases, no medical advance is more 
important than new treatment. A patient 
who has a heart attack in 1984 may be 
saved by treatments that did not exist 15 
years ago. Pfeople with asthma who would 
have faced severe restrictions on everyday 
activities in the 1960's today can live far 
more normal lives. Blood resources for 
transfusion and therapy, once highly perish- 
able and subject to infection, are rapidly be- 
coming safe and more accessible; the list 
goes on. 

What are these new treatments? In many 
cases, they are new medications and biolog- 
ical products or new uses for existing 
agents. They also may be new technologies, 
such as the cardiac intensive care unit, or 
techniques, such as cardiopulmonary re- 
suscitation. The t blowing are highlights of 
major advances that occurred in the past 
decade, just a sampling of the many new 
lifesavers. 

New Treatments for Angina 
in the mid-1960's, a German pharmacologist. 
Professor Andreas Fleckenstein, was work- 
ing with a new drug proposed for treatment 
of patients with coronary artery disease. The 
drug was thought to be another form of beta- 
blocker, a type of drug that blocks the effect 
of the natural chemical messenger adrenaline 
on the heart. But Professor Fleckenstein 
found that the new drug did not behave 
quite like a beta-blocker. Upon further in- 
vestigation, he found that it actually inhib- 
ited the flow of calcium ions into and out of 
the cells of the heart and blood vessels. The 
drug, which we now know as verapamil, he 
called a calcium flux blocker. Thus was 
bom the important new class of compounds 
known as calcium antagonists. 



Calcium antagonists are one of the major 
advances in treating angina in the past dec- 
ade. Three of these have been approved for 
use in the United States. TWo other major im- 
provements have occurred for angina pa- 
tients. We now know that the simple aspirin 
tablet reduces the risk of subsequent death 
for patients who have had an episode of un- 
stable angina. We also have a better way of 
delivering the nitrates, a standby drug for 
angina. 

Angina was first noted, and named, by the 
British physician William Heberden in 1768. 
He described the chest pain of angina as "a 
painful and most disagreeable sensation in 
the breast which seems as if it would take 
their life away if it were to increase or to 
continue." Heberden noted that angina often 
comes on with exercise or strong emotion. 

It was some time before clinical investiga- 
tors found that angina is caused by an insuf- 
ficient supply of blood, and therefore oxy- 
gen, to the heart muscle. When pharmacol- 
ogists in this century found that the heart is 
heavily influenced by the chemical mes- 
senger epinephrine, they set about making 
chemicals that would block the effect of this 
compound. There are two types of sites at 
which epinephrine, or adrenaline, acts; the 
one in the heart is called the beta-receptor. 
These drugs were thus dubbed beta-adrener- 
gic receptor blocking agents, or simply beta- 
blockers. 

But beta-blockers do not solve all prob- 
lems. They cannot be used for patients who 
have conditions aggravated by beta-block- 
ade, such as those with asthma or other 
lung diseases. Beta-blockers may cause un- 
desirable side-effects, such as fatigue, de- 
pression, and impotence; and they do not 
help all patients. 

Thus, the advent of calcium antagonists 
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was hailed by many physicians as a signifi- 
cant addition to nitrates and beta-blockers 
for treatment of angina, especially since cal- 
cium antagonists are effective with some pa- 
tients not helped by beta-blockers. 

Calcium antagonists also provide addi- 
tional symptom relief in patients whose 
chest pain is only partly alleviated by beta- 
blockers. For instance, in one study con- 
ducted at the National Heart, Lung, and 
Blood Institute, patients exercised signifi- 
cantly longer on a bicycle when they were 
given both the calcium antagonist verapamil 
and the beta-blocker propranolol than with 
either drug alone. And only two patients had 
to stop exercising because of chest pain 
when taking both drugs, as compared to 
nine patients on single-drug therapy 

Calcium antagonists are especially effec- 
tive for a kind of angina called angina at 
rest, which is not provoked by exercise. 
Beta-blockers are not very effective for this 
condition. 

Calcium antagonists act by a completely 
different mechanism than either beta-block- 
ers or nitrates. Some calcium antagonists in- 
hibit the flow of calcium ions into cells. 
Others block the movement of calcium ions 
within cells. Calcium ions are essential for 
the contraction of the heart muscle and of 
the muscles in the walls of the arteries. 
Thus, calcium antagonists reduce the 
strength of the hearths contraction and in- 
duce relaxation of the arteries. As the heart's 
workload is reduced, angina also is re- 
duced. 

While aspirin is not a new drug, its appli- 
cation to angina is a recent development 
The effect of aspirin on unstable angina was 
established in a study conducted at the Vet- 
erans Administration hospitals. During a 12- 
week trial period, more than 600 men who 



had just experienced unstable angina took 
the equivalent of one aspirin tablet each 
day. Analysis of results showed that those 
men had only half as many heart attacks or 
deaths as a comparison group who took an 
inert preparation. 

These findings are welcome because un- 
stable angina has a high risk of heart attack 
and death. During the 3 months of this 
study, 10 percent of the group not taking as- 
pirin had a heart attack and 1 of every 30 
men died. Aspirin is the first therapy shown 
to reduce these consequences. 

Nitrates have been a standby of angina 
treatment for many years. Taken regularly, 
these medications prevent or reduce chest 
pains in many angina sufferers. However, 
many people sometimes forget to take their 
medication. In addition, some people have 
such severe disease that they have had to 
take many nitrate tablets each day to control 
their pain. 

These problems are largely solved by a 
new form of nitrates, a controlled-release 
system that provides therapeutic blood lev- 
els of the chemical for many hours. The 
controlled-release nitrate comes impreg- 
nated in a patch that the angina sufferer 
places on the chest. By learning how large a 
patch he or she needs to prevent symptoms, 
patients can be free of angina without the 
inconvenience of having to take medication 
continuously. 



Reducing Heart Attack Damage With 
Beta-Blockers 

In 1981 and 1982, the international medical 
community obtained the answer to a crucial 
question that had tantalized them for almost 
20 years: Can the administration of beta- 
blockers to patients who have just survived 
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physiology has provided improved therapies 
for heart failure. They consist of alternatives 
to digitalis for stimulating the failing heart 
as well as a new class of drugs that reduce 
the force against which the heart has to 
pump. 

Digitalis acts by strengthening the force of 
contraction of the heart. Drugs with this ef- 
fect are called positive inotropes. After dec- 
ades of digitalis's being the only reliable 
positive inotropic drug, pharmaceutical sci- 
ence is now providing more potent alterna- 
tives. One class inhibits the action of the en- 
zyme phosphodiesterase, which destroys an 
essential energy component of the con- 
traction mechanism. These new drugs have 
been called "rather promising, and with an 
encouraging side-effects profile." 

But even the best positive inotropic drug 
may not be optimal therapy for heart failure, 
according to Jay N. Cohn, M.D., professor of 
medicine at the University of Minnesota 
School of Medicine in Minneapolis. He asks, 
"Is it therapeutically effective and tolerated 
to give the patient a chronic stimulus to the 
contractile force of the heart? Perhaps the 
decrease in contraction is a defense mecha- 
nism." Dr. Cohn has pioneered the clinical 
use of another, wholly different, kind of drug 
for heart failure. 

These agents reduce the force against 
which the heart has to work by allowing the 
blood vessels to relax. They block a protein 
called angiotensin-converting enzyme, 
which helps make the chemical angiotensin 
II. Angiotensin II causes blood vessels to 
tighten down. Thus, by blocking production 
of angiotensin II, angiotensin-converting en- 
zyme (ACE) inhibitors greatly reduce blood 
vessel constriction. Other classes of drugs 
(e.g., nitrates and hydralazine) also are used 
for this "afterload reduction." 



The first ACE inhibitor, called captopril, 
came on the market in the United States in 
1982. Captopril increases the amount of 
blood the heart puts out, allows an increase 
in the patient's ability to exercise, and re- 
duces shortness of breath. Most important, 
it does this even in patients who are no lon- 
ger helped by positive inotropic drugs. Be- 
cause captopril induces relaxation of the ar- 
teries, it is also a useful therapy for high 
blood pressure. 



Targeted Therapy for Asthma 
They are strong, healthy, young men and 
women, often competitive athletes. It is hard 
to believe that they have any physical ill- 
ness. But once in a while, on an unpredict- 
able basis, while exercising, they will sud- 
denly become short of breath and occasion- 
ally even collapse. It was only a few years 
ago that doctors realized that these people 
were demonstrating yet another face of asth- 
ma, an illness that affects perhaps 9 million 
Americans, 2 to 3 million of them under the 
age of 17. 

In the last 5 years, laboratory research has 
led to much improved drug therapy for peo- 
ple with exercise-induced asthma, therapy 
that is more specifically targeted to the 
physiological problem that underlies asthma. 

Asthma is a condition in which the 
breathing tubes suddenly narrow and admit 
very little oxygen, often without any appar- 
ent cause. It is thought to be provoked by an 
immunological stimulus. This idea gained 
support with the finding that many of the 
athletes with exercis j-induced asthma had 
attacks regularly following the eating of cer- 
tain foods such as shrimp and, surprisingly, 
celery. 

The ideal treatment for asthma would be 
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a compound that relaxes the airways. Such 
medicines have been available for many 
years. One of them, theophylline, is a deriva- 
tive of an herb called ma huang used by the 
Chinese for 4,000 years to treat asthma. 

Unfortunately there are problems with the- 
ophylline and the other main drugs used to 
treat asthma, derivatives of the natural body 
chemical epinephrine (also called adrena- 
line). Theophylline has what doctors call a 
"narrow therapeutic window." This means 
that the amount that relieves symptoms falls 
in a very narrow concentration range: just a 
little less and the patient does not beneflt; 
just a little more and the patient can have 
very unpleasant side effects such as nausea, 
stomachache, headache, and dizziness. 

The first epinephrine-related drugs re- 
lieved asthma symptoms but also affected 
other systems in the body besides the lungs. 



For instance, a compound called isopro- 
terenol can cause an uncomfortable speed- 
ing up of the heart, restlessness, and head- 
ache. 

During the last few years, the U.S. Food 
and Drug Administration has approved sev- 
eral chemically modified forms of epi- 
nephrine that have very little effect on any 
organ other than the lungs. (These drugs are 
called sympathomimetic compounds, or 
beta-agonists.) The newer beta-agonists 
arose from research showing that epi- 
nephrine and its relatives act on tiny compo- 
nents on the ends of nerves called recep- 
tors. Scientists found that these receptors 
come in three varieties, and that the three 
kinds are different in subtle ways. Chemical 
trial-and-error produced several compounds 
that affect only the kind of receptors found 
in the lung. 
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These compounds, called terbutaline, al- 
buterol, and metaproterenol, when taken 
regularly, effectively prevent most asthma at- 
tacks. Now athletes and others with exer- 
cise-induced asthma can take a few puffs of 
terbutaline or albuterol from an inhaler and 
work out without fear. 



Synthetic Hemoglobin for Improved 
Oxygen Delivery 

In 1966, Dr. Leland Clark of Children's Hos- 
pital Research Foundation in Cincinnati sub- 
merged mice completely in liquid. The mice 
did not drown. Rather, they lived and stayed 
healthy for several weeks. The trick was that 
Dr. Clark had put the mice into a solution of 
organic compounds called perfluorocar- 
bons, c. Kind of synthetic hemoglobin. In 
1968, rats whose blood was completely re- 
placed by perfluorocarbons lived a normal 
lifespan. The same result was achieved with 
dogs in 1975. 

More recently, the use of perfluorocarbons 
has been refined to the point that they are 
being used on an investigational basis in 
humans. The basis for the biological effect 
of organic compounds is their remarkable 
ability to carry large amounts of oxygen. 
Moreover, the bond between perfluorocar- 
bons and oxygen is readily dissociable, so 
that when these compounds penetrate living 
tissues they release the oxygen to the cells 
that need it. 

The first use of perfluorocarbons in 
human patients occurred in the late 1970's. 
(Prior to use in patients, the material was 
used to replace portions of the blood of the 
healthy corporate executives of the company 
that has developed this material. No adverse 
consequences occurred.) 

So far, in the United States, perfluorocar- 



bons have been mostly used for k iiovah's 
Witnesses undergoing surgery. Jehovah *s 
Witnesses have a religious restriction 
against using blood products. In a small 
clinical trial conducted at the University of 
California, Los Angeles, Medical Center, 
doctors found that one form of perfluorocar- 
bons increased the margin of safety for the 
patients' surgical procedures and caused no 
adverse effects. 

Besides the use in those with religious 
objections to receiving blood, perfluorocar- 
bons are being tested to deliver oxygen to 
the brains of those who have suffered 
strokes. Because perfluorocarbon particles 
are much smaller than a red blood cell, they 
can penetrate into narrow capillaries in the 
brain. They could also be used during natu- 
ral disasters and war, when blood is in short 
supply 

The chief drawback of current perfluoro- 
carbon preparations is that they must be ad- 
ministered along with high concentrations 
of oxygen to be effective. This is not a se- 
rious problem in the surgical situation, 
however. 



The Coronary Care Unit 

New Technologies Enhance 
Cardiac Survival 

In the late 1950's, it was realized that per- 
sons having a heart attack, or myocardial in- 
farction, were at a greatly increased risk of 
death within the ensuing few hours. At- 
tempts to solve this problem led to what we 
now know as the coronary care unit, com- 
monly referred to as the CCU. 

"Three landmarks in the genesis of the 
CCU occurred in the early 1960*s," relates 
Dr. Thomas Killip, chairman of the depart- 
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mcnt of medicine at Be^h Israel Medical 
Center in New York. The first was the estal» 
lifthment in a community hospital in Kansas 
City by Dr. HuRh Day of a single room in 
which all Ml patients were placed for the 
first few days while their heart rhythm was 
continuously monitored. Specially trained 
nurses staffed the room. "This was the first 
ecu," says Dr. Killip. 

The second was the report by a Toronto 
physician that many Ml patients spon- 
taneously developed ventricular fibrillation 
(VF). a lethal disturbance of heart rhythm. A 
Philadelphia physician subsequently trained 
nurses to read electrocardiograms (EKG!s) 
and defibrillate patients. 

The third step, according to Dr. Killip, was 
the demonstration by a group at Johns 
Hopkins University Hospital that a new re- 
suscitation technique could keep Ml victims 
alive without opening the chest. "At about 
the same time, someone pointed out that 
lidocaine was effective against ventricular ar- 
rhythmias and remarkably nontoxic.*' 

Thus, the three basic therapies of the 
ecu— defibrillation, resuscitation, and anti- 
arrhythmics — ^were in place. 

Debate followed on whether this expen- 
sive and technologically intensive innova- 
tion actually saved lives. ''My own view is 
that CCU^s do indeed make a difference," 
says Dr. Killip, ''but mostly for a subgroup of 
the patients who get to the hospital within 
72 hours of the Mi." 

Substantial evidence supports the efficacy 
of arrhythmia prophylaxis, cardiac monitor- 
ing, and resuscitative capabilities in lower- 
ing mortality, especially in the first 6 to 12 
hours after infarction. Cun^ent standards of 
American medical practice include admis- 
sion to a coronary care unit for patients with 
definite acute myocardial infarction. 



'The next step, which occurred during the 
I970*s, was to move into measuring cardiac 
physiology, particularly with the Swan-Ganz 
catheter," Dr. Killip says. The Swan-Ganz 
catheter directly measures the condition in 
both ventricles of the heart. It is floated into 
the right heart through the venous circula- 
tion, where the right ventricle is monitored. 
Then it is advanced into the pulmonary ar- 
tery, where a balloon on its tip is inflated 
and the so-called wedge pressure is ob- 
tained. This measures the pressure under 
which the left ventricle is being filled. 

"Basically the Swan-Ganz catheter tells 
you whether people are in cardiac shock 
(ve. ow blood pressure) or unremitting 
heat* )ilure." If the filling pressure of the 
left ventricle is low, then the effective treat- 
ment is to give fluids to combat dehydra- 
tion. Patients with normal filling pressure 
have pump failure, which is the inability of 
the left ventricle to move enough blood 
around the body. 

Even patients with heart failure are bene- 
fiting from the use of the Swan-Ganz 
catheter in the CCU. "The current greatest 
contribution of the catheter to the treatment 
of heart failure is that we can directly evalu- 
ate in individual patients wheraer a drug is 
doing any good,'* Dr. Killip says. 

Finally, he points out one unmeasurable 
but significant contribution of the CCU. "The 
CCU ethic now permeates medicine. Les- 
sons from the CCU are being applied to all 
heart attack victims, both in the hospital and 
in the community. CCU philosophy has be- 
come state of the art." 
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CPR 

RevMng the Heart After 
Cardiac Arrest 



One of the most successful means of pre- 
venting cardiac deaths has been the advent 
of cardiopulmonary resuscitation (CPR). 
CPR is a technique for restoring breathing 
and heartbeat by applying manual pressure 
to the patientis chest and breathing into his 
or her mouth. It can be used by medical 
specialists or laymen to keep patients alive 
until they can reach sophisticated life sup- 
port equipment. Because of its demon- 
strated effectiveness, many communities 
have developed programs to train laymen in 
the technique. One such program in Seattle, 
\A^sbington, began in 1971 as an outgrowth 
of intensive training of paramedical person- 
nel in Seattle, a project called Medic-1. 

Leonard A. Cobb, M.D., now chairman of 
medicine at Harborview Medical Center in 
Seattle and professor of medicine at the Uni- 
versity of M^hington, explains the rationale 
behind community CPR. "Given that patients 
have cardiac arrest outside the hospital, 
there are two important detemiinants of sur- 
vival. The first is how rapidly CPR is admin- 
istered. The second is how rapidly advanced 
cardiac life support is provided. We realized 
that we could meet the first requirement by 
training public bystanders in CPR. But, Dr. 
Cobb points out, "CPR training of the public 
would not have been very useful unless we 
had a first-class emergency response unit.** 

It was the existence of Medic-1, in fact, 
that made possible the community-based re- 
suscitation effort, called Medic-2, according 
to Dr. Cobb. "What made Medic-2 work was 
that it was an offshoot of the successful fire 
department program and people were famil- 
iar with it, that it was run by the fire depart- 
ment, and that it had lots of downtown civic 
support, such as from the Rotary.** 

Dr. Cobb and his colleagues have studied 
the results of Medic-2 intensively They have 



demonstrated that bystander CPR has an im- 
pressive benefit. For instance, about one- 
third of all persons with cardiac arrest in 
that year were given CPR by a trained 
layman. Those persons were discharged 
home from the hospital 43 percent of the 
time, compared to only 21 percent of the 
people not given bystander CPR. (The low 
rate of non-CPR patients is in spite of a 3- 
minute response time for emergency units 
in Seattle.) The hospital mortality was 54 
percent among cardiac arrest victims not 
helped by a bystander, but only 25 percent 
among those given bystander CPR. 

The Seattle figures show ^at no medical 
background is needed to be able to give ef- 
fective CPR. Of those cardiac arrest victims 
given CPR by a bystander with a medical 
background, 42 percent were discharged 
home. The comparable figure for persons 
with no medical background was 53 per- 
cent. Once the efficacy of Medic-2 was dem- 
onstrated, community CPR was advocated 
by the American Heart Association in 1974 
and by the American National Red Cross 
shortly thereafter. Both of these organiza- 
tions offer training programs to teach the lay 
public how to perform the technique. 

Currently about 40 percent of the people 
in the city of Seattle have been trained in 
CPR. But Dr. Cobb points out that sheer 
numbers aren't enough. "About 70 percent 
of cardiac arrests occur in the home,** he 
notes. "Thus it is particularly important for 
middle-aged and older women to learn CPR. 
because they are the ones who might be liv- 
ing with a man who is at high risk of cardiac 
arrest.** 
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Improving the 
Outlook for Children 



As every parent knows, medical advances 
seem especially critical when the patient is 
a child. Congenital and hereditary heart, 
lung, and blood diseases can have devastat- 
ing, sometimes fatal, effects for the thou- 
sands of children who are born with them. 
Improving the outlook for these children is 
an important objective for basic and clinical 
researchers, who are looking to fields as di- 
verse as immunology, genetics, nutrition, 
surgery, and medical technology for the 
cures to these diseases and disorders. For 
children with congenital heart defects, 
cystic fibrosis, and hemophilia, some of the 
answers have already been found, dramat- 
ically improving their prognosis. 



Correcting Congenital Defects 

Each year, 25,000 babies are born in the 
United States with heart and vascular malfor- 
mations — 8 in every 1,000 live births. The er- 
rors occur unpredictably their causes still 
unknown. Some may stem from untoward 
internal events during pregnancy such as 
endocrine disturbances or perhaps mild in- 
fections; there may be, additionally or alter- 
natively, environmental influences such as 
maternal use of alcohol. (A few studies have 
demonstrated seasonal and geographical 
clusters.) They are not hereditary as is the 
case with some other congenital conditions. 

At one time, such babies died within 
days, weeks, or months. Now, an increasing 
majority survive, thanks to modern surgery. 

Transposition of the great arteries, the two 
major byways bearing blood away from the 
heart, is a common congenital defect. In a 
child with this malformation, the aorta, the 
normal route of freshly oxygenated blood 
from the left side of the heart, recirculates 



oxygen-depleted blood laden with waste 
products while the pulmonary artery 
uselessly recycles blood through the lungs. 
The result is massive oxygen starvation 
throughout all the body*s organs and cells, 
including the heart itself. 

Similarly causing oxygen deprivation is 
Ihe anatomic anomaly known as the 
tetralogy of Fallot (for the French physician 
who first described it), which consists of a 
narrowed pulmonary artery, concomitant en- 
largement of the right ventricle, displace- 
ment of the aorta, and an opening between 
the heart's lower chambers. Other con- 
genital cardiac malformations include pa- 
tent ductus arteriosus, in which a fetal duct 
between the pulmonary artery and the de- 
scending aorta, normally closed before 
birth, has remained open; ventricular septal 
defects, malformations in the wall between 
the lower chambers; and coarctation (nar- 
rowing) of the aorta. 

Occasionally, some of the malformations 
right themselves spontaneously or are too 
small to be important; this is sometimes 
true of septal defects. But in most cases, 
corrective surgery will be needed. By the 
1970*s, procedures had been developed to 
correct most congenital cardiovascular mal- 
formations. Yet obstacles remained, relating 
chiefly to the small size of the patients. Di- 
agnosis was difHcult, as was restructuring 
such small organs and vessels. Major ad- 
vances over the past decade have changed 
this picture dramatically 

While x-rays and electrocardiograms pro- 
vide physicians with certain information, re- 
cently developed noninvasive technologies 
such as echocardiography and nuclear 
imaging are major factors in increasing diag- 
nostic accuracy. (Precise diagnosis still re- 
quires such delicate invasive procedures as 
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cardiac catheterization and angiography.) 
The refinement of microsurgical techniques 
has revolutionized and broadened the scope 
of corrective procedures, permitting suc- 
cessful repairs even in newborns. The heart- 
lung machine, which first made open heart 
surgery possible in the 1950*s, is now com- 
bined with deep hypothermia. This tempo- 
rary cooling to temperatures as low as 20° C 
(68° F) makes state-of-the-art reconstruction 
in a virtually bloodless arena possible. 

But the proverbial ounce of prevention is 
still preferable to many pounds of techno- 
logically sophisticated cure. Even surgical 
success does not necessarily assure the sort 
of life that can be called optimal; residual 
problems, necessitating lifelong restrictions 
in activity, may still persist and diminish the 
quality of life for nearly one-third of those 
who survive. Thus, the challenge now is to 
find the reasons for the malformations — to 
find out how, when, and why they happen — 
so that the precipitating events might be 
averted and fewer newborns will need to 
face major surgery during their first days of 
life. 



An Improved Prognosis In 
Cystic Fibrosis 

According to actuarial tables, a child born 
in the United States this year enjoys a life ex- 
pectancy of 75 years. But if that child's par- 
ents happen to be 2 of the 10 million Ameri- 
cans (1 in every 20) whose cells contain the 
cystic fibrosis (CF) gene — even though they 
are not ill themselves — and the child has re- 
ceived one from each parent (the odds are 1 
in 4), that infant is statistically unlikely to 
live long enough to graduate from college. 

TWo such genes combine to produce 
cystic fibrosis in 1 of every 2,000 white 
babies born in our Nation each year (the 
rate is substantially lower in blacks, about 1 
in 17,000). While there are 12,000 to 13,000 
patients currently registered with the Nation- 
al Cystic Fibrosis Foundation, there are be- 
lieved to be about 30,000 with the disease, 
and the number may well rise in the future. 

CF was not recognized as a distinct dis- 
ease until the late 1930's, when certain com- 
binations of symptoms began to be noticed. 
By the early 1950's, other features had been 
documented, and CF is now viewed as a 
systemic disorder that may affect a number 
of parts of the body, although its manifesta- 
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tions and severity may vary from one af- 
fected individual to another. 

A salient characteristic of CF is abnor- 
mally thick and viscous mucus, which 
obstructs a number of the body's tracts, no- 
tably the airways, with a high susceptibility 
to lung infections, and the pancreatic ducts, 
preventing normal digestion and leading to 
malabsorption and malnutrition. The sweat 
of CF victims contains abnormal salt levels, 
which can cause critical heat intolerance in 
severe cases. (Sweat testing has become an 
important factor in confirming the diag- 
nosis.) The respiratory malfunction can lead 
to complete debilitation and may also open 
the door to complications such as cor pul- 
monale, a heart disease caused by pulmo- 
nary hypertension, which can develop as a 
result of chronic lung dysfunction. 

Therapy, however, has improved signifi- 
cantly over the past two decades. An in- 
crease in the number of ei .active antibiotics 
has meant better treatment for infection. 
Such diagnostic strides as echocardiogra- 
phy, improved pu'^onary function testing, 
and nuclear imag j have meant more accu- 
rate assessment ot patient status. Better un- 
derstanding of nutritional needs and ways of 
meeting them have sustained youngsters 
who might otherwise succumb to acute mal- 
nutrition. And the prognosis has improved 
as well. The 20-yeai life expectancy cited 
earlier represents a marked increase over 
the under- 10-years figure of the mid-1 960's. 
In fact, that statistical median is exceeded in 
many cases, and there are now CF patients 
in their twenties and thirties. It is now recog- 
nized, too, that in some milder cases, there 
are no childhood difficulties at all, and CF is 
not diagnosed until adulthood. 

Many pressing challenges still face re- 
searchers, mostly at a basic level. If CF is to 



How Cystic Fibrosis Is Inherited 

CF is a recessive disorder: (he gene is "counleracled" 
by unaffected inheritance — thai is, absence of the CF 
gene— from the other parent, and a child can be af- 
flicted only if the gene is passed on by both parents. A 
child receiving the gene from just one parent is a 
healthy person but a carrier, who can relay it to his or 
her own children. The following shows the odds of pro- 
ducing offspring who have the disease or are carriers of 
it. These odds remain the same with each child, just as 
the outcome o^ a coin toss is uninfluenced by prior 
losses. 

Probability of 
Unaffected Child 
Parents Child Carrier With CF 

Unaffected + 

carrier 50% 50% — 

Both carriers 25% 50% 25% 
Unaffected + 

CF patient — 100% — 

Carrier + 

CF patient — 50% 50% 



be prevented or cured, it must first be far 
better understood and its biochemical 
nature defined and delineated. Such ques- 
tions as its underlying mechanism need to 
be answered. It has been established that CF 
patients' immune systems per se are intact. 
Thus, localized defense mechanisms of the 
lung must be explored, with an eye to en- 
hancing them and staving off the ever-pres- 
ent threat of critical infection. A reason for 
the range of CF manifestations from mild to 
severe must be found. Scientists are also 
working to find genetic markers for CF A 
number of substances have been identified 
that are associated with the CF process. Re- 
searchers hope to be able to link specific 
cell components to the CF gene, which 
could allow identification of carriers and 
prenatal diagnosis of the condition. 
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Hemophilia Patient s 

Therapy Now Means 
a Normal Lifespan 

Hemophilia. The word literally translates as 
"love of blood." but the emotion it evokes is 
fear. It was Queen Victoria's heritage to three 
of her children: Through her son Leopold, a 
victim, and her daughter Beatrice, it de- 
scended through the generations of Spanish 
royalty. Through her daughter Alice and 
Alice's daughters Alexandra and Irene, it was 
relayed to the ruling houses of Germany and 
Czarist Russia. (England's Queen Elizabeth II 
escaped, because her great-grandfather Ed- 
ward VII, another of Victoria's sons, was un- 
affected.) Today, in our own Nation, there 
are an estimated 15.000 to 20,000 patients 
and an unknown number of carriers of the 
gene. The disease is almost invariably 
passed from mother to son; a daughter may 
become a carrier from either parent. (See 
accompanying chart.) 

In a sense, today's victim of hemophilia is 
fortunate— at least as compared with those 
of a generation ago. Hemophilia's main 
threat is popularly supposed to be the possi- 
bility of bleeding to death from the slightest 
scratch. That danger, however, is and has al- 
ways been small. It is true that surgery or 
major injury holds that potential, but hemo- 
philia patients are no more liable to those 
events than the rest of us. The main danger, 
because it is unpredictable, is that of inter- 
nal hemorrhage — sometimes following 
minor bumps or bruises, often occurring 
spontaneously Repeated bleeding into joints 
and muscles is common, causing severe 
pain. It is temporarily paralyzing, and with- 
out treatment, is permanently crippling. 
Blows to the abdomen, chest wall, neck, 
or head can lead to injury of internal organs. 



respiratory failure, or cerebral hemorrhage. 

Only in the late I940's was the specific de- 
fect in hemophilia discovered: the lack (or, 
possibly, inactivity) of one of two plasma 
proteins essential to the blood-clotting pro- 
cess. For approximately 9 of 10 hemo- 
philiacs, in whom the disorder is known as 
hemophilia A, this is a substance called fac- 
tor VIII; in the remainder (hemophilia B or 
Christmas disease), it is a different protein, 
known as factci iX. 

Through the 1950's and I960!s, the answer 
to bleeding episodes and the accompani- 
ment to any surgery became transfusions of 
fresh plasma, which provided the elements 
needed for blood to clot normally But there 
were problems: Severe transfusion reactions 
were not uncommon, and the additional 
fluid volume sometimes posed a harrowing 
choice between additional plasma infusion 
and an overload that could precipitate fatal 
congestive heart failure. Treatment of course 
required hospitalization— sometimes 
lengthy and invariably expensive. 

Later it was discovered that the clotting 
factors could be extracted from plasma and 
concentrated, eliminating those fresh-plas- 
ma problems. Today, these concentrations 
are used, and for the less serious, nonlife- 
threatening bleeding episodes, they are 
commonly administered at home by a family 
member or by the patient himself. Today, 
most hemophiliacs in our country can and 
do lead near-normal lives, and many can 
look forward to a normal lifespan. 

That improvement is also due in part to 
government action. Under the Hemophilia 
Diagnostic and Treatment Center Program, 
established by Congress in 1975, there are 
now 25 federally funded regional centers 
staffed by health care teams experienced in 
dealing with the continuing problems of the 



Hemophilia Inheritance 

HemophHia is an X linked recessive disorder: the gene 
is on the X chromosome and can be "counteracted" 
only by an X chromosome that does not carry the gene. 
Thus, a male (XY) who receives the gene will neces- 
sarily have the disease, and a male cannot be a silent 
carrier. The possibilities can be shown this way: 



Father 



Mother 



Probability of 
Carrier, If Hemophilia, Hemophilia, 
Dau^ter If Son If Daughter* 



Unaffected Carrier 50% 50% — 
Hemophilia Noncarrier 100% — — 
Hemophilia Carrier 50% 50% 50% 

*A theoretical possibility but rarely reported. Hemophilia 
does not affect fertility, but many if not most hemophiliacs 
opt not to have children. 

All of a hemophiliac's daughters, who have received 
one X chromosome from their father, will be carriers, 
but none of a hemophiliac's sons will receive the gene, 
because the father has passed on to them only a Y 
chromosome. There is a 50-50 chance that a carrier 
will relay the gene to her children of either sex. 

There is no accurate te.st for the carrier state. A blood 
test, which must be performed when a woman is nei- 
ther pregnant nor taking ci dI f:o»itfaceptives (either can 
skew the results), may show lower-than-normal levels of 
a key clotting factor, but in 10 to 20 percent of carriers, 
the levels are normal. 

hemophiliac and his family — problems with 
which an individual physician, who may 
have only a single hemophiliac patient, 
would be far less familiar. In addition to pri- 
mary care physicians, such teams consist of 
hematologists, orthopedists, physical thera- 
pists, psychiatrists and other counselors 
who can cope with patient and family anx- 
ieties, genetic counselors, and specially 
trained nurses. 
The program has been hig: ly successful. 



reducing patient costs and helping patients 
to a far more productive and enjoyable life. 
Average health care costs per hemophilia 
patient before 1975 could range up to 
$22,000 a year; by 1982, the figure had fallen 
to just over $5,000 (largely covered by insur- 
ance). In the same period, the average 
number of days spent away from school or 
work by hemophiliacs dropped from be- 
tween 20 to 60, to 8; the average hospital 
stay dropped from 2 weeks to 2.5 days. And 
unemployment among adult hemophiliacs 
fell from 36 percent to 13.6 percent. 

As with cystic fibrosis, the number of he- 
mophiliacs now living long enough to re- 
produce has increased, and they invariably 
produce daughters who are carriers of the 
gene; thus, the overall number of carriers 
and hemophiliacs in subsequent genera- 
tions may increase as well. A recent study 
by the National Heart, Lung, and Blood In- 
stitute suggests that future demand for factor 
Vlll concentrate could conceivably exceed 
the Nation's resources, particularly if, as 
seems possible, there is a trend toward ad- 
ministering it prophylactically (that is, be- 
fore bleeding episodes). 

Concern about inadequate supplies of fac- 
tor Vlll and about the slight risk of transmis- 
sions of blood-borne disease by treatment 
could be eliminated entirely if supplies were 
not dependent on human donors. That may 
be possible: the gene for factor Vlll has now 
been found and cloned (see p. 81), and pro- 
duction of synthetic factor Vlll has begun. In 
addition to providing a safer protein and en- 
suring adequate supplies, factor Vlll pro- 
duced by genetic engineering might also be 
cheaper. Work on the process continues, 
and it is hoped that an artificial factor Vlll 
might be ready for clinical testing within the 
next few years. 



Thanks to meaich advances, 
teenagers with hemophilia today 
can live a nearmmial IHe, and 
many can look fon^n] to a nor 
mal lifespan. 
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HeaKh EUucatkMi/ 
Risk Reduction 

Helping Healthy Chlldien 
Stay Healthy 




Research has made strides in saving infants 
and children unlucky enough to have a con- 
genital or hereditary disorder. Most chil- 
dren, however, are bom healthy, and re- 
searchers have recognized thai helping 
children develop good lifestyle habits while 
they are young is a good way to help them 
stay healthy School health and other educa- 
tional initiatives are one strategy for making 
good health practices second nature. 

While health promotion efforts are di- 
rected to adults, longtime habits such as an 
imprudent diet, inactivity, and smoking may 
be more difficult to break than to prevent. 
Tirgeting children for risk reduction has an- 
other rationale as well: Some may already 
have risk factors that are the precursors of 
adult disease. 

A screening program of 1 1 • to 14-yeafolds 
in New Yoric City in the late 1970^5, for exam- 
ple, found that 1 in 10 smoked cigarettes 
regularly, a quarter were overweight, 27 pe^ 
cent scored low in cardiac-response exe^ 
cise testing, and more than one-third had 
cholesterol levels over 180 mg/dl (levels 
above 220 mg/dl are considered treatable 
for adults). Altogether, more than half the 
youngsters evidenced at least one risk factor 
for cardiovascular disease. Without interven- 
tion, such risks can increase. It was found, 
for instance, that 45 percent of the U.S. ca- 
sualties in the Vietnam war— whose average 
age was 22--alrea<fy had evidence of athero- 
sclerosis, fatty blockage of the arteries. 

One active health education program for 
children is called "Know Your Body," devel- 
oped by the American Health Foundation 
and funded by both the National Heart, 
Lung, and Blood Institute and the National 
Cancer Institute. The program is now in a pi- 
lot stage in a number of communities across 
the Nation, with ongoing evaluation of the 



results at various grade levels. Thus far. it 
appears that its screening/teaching/behavior 
modification approach does woric and can 
have significant impact, by promoting not 
only the acquisition of information but also 
the alteration of lifestyles. 

During an academic year in one Evanston, 
Illinois, school, for example, the number of 
children with heart disease risk factors fell 
from 31 to 17 percent. In the New York area, 
51 percent of a group of overweight seventh- 
and eighth-graders successfully lost weight, 
Ls compared to 16 percent of a "control 
group" who were weighed and told they 
were overweight but were i^ot offered the 
program. Similar successes have been 
scored in comparisons of gains in health 
knowledge, cessation of smoking (or not 
starting in the first place), changes in eating 
habits, and drops in cholesterol levels. Cur- 
rently, two groups of youngsters are being 
followed from the fourth grade through the 
ninth, to see if the positive effects recorded 
thus far can be maintained. The studies are 
scheduled for completion in 1985 and 1986. 

A variety of other childhood health educa- 
tion-risk reduction programs are also in use 
across the country. Although long-ierm stud- 
ies are needed to document the best strat- 
egies, many of the approaches appear prom- 
ising, particularly in the areas of smoking 
and high blood pressure. 

It will also be helpful, of course, if the im- 
portance of good health habits is reinforced 
by the pediatricians and family physicians 
who care for our children, lb that end, the 
NHLBl has instituted the Preventive Cardiol- 
ogy Academic Awards f^gram, which pro- 
vides funds to U.S. medical schools that 
have the interest and ability to infiise their 
curricula with quality instruction in preven- 
tive medicine. 
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Prevention: 

Framlngham's Legacy 



The town of Framingham, Massachusetts, 30 
miles southwest of Boston (population 
72,000) is only a small dot on the map, but 
in the atlas of epidemiologic studies, it is 
the world's capital. 

In 1949, every other man and woman ages 
30 to 62 in the town agreed to enter the 
Framingham Heart Study, committing them- 
selves to return periodically for checkups for 
the rest of their lives. This project, launched 
by the then-fledgling National Heart Insti- 
tute, had an ambitious goal: To identify fac- 
tors contributing to the subsequent develop- 
ment of coronary heart disease and high 
blood pressure. 

When the study began, 5,127 of the 5,209 
participants were free of heart disease. "The 
aim always has been to see what makes 
people stay healthy as well as what causes 
them to become ill," reports Dr. William 
Castelli, the study's medical director. 

All but 2 percent of those who entered the 
study have stayed in it; even those who have 
moved away loyally keep in touch, coming 
in for an exam when they visit Framingham. 
Some 2,500 of the original participants are 
still alive; the oldest is now 96, the youngest 
are in their sixties, a stimulus to expand the 
exploration of the effects of aging. Children 
of the original participants along with their 
spouses, some 5,000 persons, entered the 
"offspring" study 12 years ago to help clarify 
the role of heredity as well as environment 
in heart and blood vessel diseases. 

The Framingham study's key findings 
include: 

• The higher a person's blood cholesterol, 
the higher his or her risk of suffering a 
heart attack, even when cholesterol levels 
fall within the range presently regarded as 
"normal," that is below 220 milligrams per 
deciliter. (Framingham data suggest that 



the "ideal" level, at which heart disease is 
unlikely, is under 150 mg/dl.) 

• Similarly the higher one's blood pressure, 
the higher the risk. Borderline high blood 
pressure (systolic pressure 140 to 159 mm 
Hg, diastolic pressure 90 to 94 mm Hg) 
increases coronary heart disease by 50 
percent and leads to a threefold increase 
in stroke. 

• Cigarette smoking nearly doubles the rate 
of coronary heart disease. The more one 
smokes, the higher the risk. Filter ciga- 
rettes offer no advantages in reducing 
one's risk of heart disease. 

• Regular, vigorous exercise seems to pro- 
tect against heart disease. 

• Obesity contributes to high cholesterol 
levels and high blood pressure, and 
seems to make an independent contribu- 
tion to one's risk. 

• Tinie-conscious, hard-driving, impatient, 
dissatisfied people have roughly double 
the risk of heart disease of those who lack 
such personality traits, particularly if they 
are otherwise at risk because of high cho- 
lesterol, elevated blood pressure, and the 
like. 

Framingham has been the impetus for nu- 
merous nationwide clinica^ studies. These 
include the Veterans Administration Collabo- 
rative Study which reported in 1967 and 
1970 the advantages of controlling blood 
pressure, and the Multiple Risk Factor Inter- 
vention Trial, whose results, reported in 
1982, suggest benefits of controlling blood 
pressure, reducing smoking, and improving 
diet. Investigations at Framingham prompt- 
ed researchers to ask whether lowering cho- 
lesterol reduces the odds of suffering a heart 
attack, a question answered in the affirma- 
tive by the results of the Lipid Research 
Clinics Coronary Primary Prevention Trial. 



Framingham participants have 
their periodic checKups In a 

whKe frame house that sems as ^ 

the stiMly^ medical (MIHy. oi 65 





'As an epidemiologic study, Framingham 
suggests associations," observes Keaven An- 
dersen, the studyls resident statistician. 
"Clinical trials demonstrate cause and 
effect." 

"The advantage of Framingham is the reli- 
ability of the data," Dr. Castelli says. "As a 
prospective study measurements are made 
years before illness appears." 

At times, questions have been raised as to 
whether Framingham is a "typical" Ameri- 
can town. But studies of other popula- 
tions — business executives in Minneapolis, 
worlcers at the Peoples Gas Company and 
Western Electric in Chicago, longshoremen 
in Los Angeles, residents of Albany (New 
Yoric), Tecumseh (Michigan), Evans County 
(Georgia), Honolulu, and Puerto Rico and 
others — all have yielded results similar to 
those of Framingham. Their major lessons 
also are the same: Reducing fat intalce, 
Iceeping weight down, controlling blood 
pressure, avoiding smolcing, and exercising 
regularly can malce a difference. The dra- 
matic decline in death from heart disease in 
the United States over the past two decades 



suggests that Americans are heeding the 
prevention message. 

"Waiting for symptomatic cardiovascular 
disease to appear before instituting treat- 
ment in coronary candidates is a form of 
brinlcmanship that can no longer be justi- 
fied," says Dr. William Kannel, former medi- 
cal director of the Framingham study and 
now head of the department of preventive 
medicine and epidemiology at Boston Uni- 
versity A heart attacic, he submits, is a 
"medical failure." 

Early detection and the grounds for pre- 
ventive action are Framingham's legacy. The 
town was chosen as a possible site for the 
government's heart study because of both its 
proximity to Boston's numerous medical 
centers and expert consultants and its pre- 
vious participation in an epidemiological 
survey during the 1920's. In a project spon- 
sored by the Metropolitan Life Insurance 
Company teams of doctors and nurses went 
from door to door in Framingham, identify- 
ing active cases of tuberculosis in an effort 
to stem the spread of the disease. 

In 1949, after statisticians drew a random 
sample of the town's adults, a committee of 
community residents volunteered to enlist 
their neighbors. Most of those invited to par- 
ticipate accepted; husbands and wives also 
were given the option to join. In those more 
innocent days of medical research, no con- 
.sent forms were used. 

Participants Richard and Helen, both 72, 
were 38 when the study began. Richard, 
who worlced at the Dennison Company then 
as now, one of the town's major employers, 
trusted the company doctor's support for the 
study "I lilced the idea of personally contrib- 
uting to scientific research," he says. Hel- 
en's motivation for joining was more press- 
ing: a strong family history of heart disease. 
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"I hoped that somewhere down the line the 
doctors would have something helpful to of- 
fer, if not for me, for my children," she re- 
calls. 

They return every 2 years to the white 
frame house that serves as the study's medi- 
cal facility to give blood and urine for a bat- 
tery of tests, run on a treadmill, undergo 
studies of heart function, and breathe into 
devices that measure their lung capacity 
and the carbon dioxide in their breath. The 
exams, designed to cause patients a mini- 
mum of discomfort, always include certain 
basics such as blood pressure measure- 
ments, but as technology has become more 
sophisticated, new tests have been added. 
Recent additions include echocardiography, 
which reveals anatomic features of the 
heart, and phonocardiography, which identi- 
fies functional abnormalities, along with 
tests of vision, hearing, and mental abilities. 

The most recent round of tests took 3 
hours, and for 24 hours afterwards, the sub- 
jects wore a device that automatically re- 
corded their heart rate and blood pressure. 
Like other volunteers, they are told the re- 



sults of their tests and, if they wish, may 
have them sent to their personal physicians. 

"Being part of the study hasn't made us 
live any differently but it probably has rein- 
forced certain habits we already had," Rich- 
ard asserts. 

The couple has enjoyed lifelong good 
health. Although Richard developed rheu- 
matoid arthritis and high blood pressure in 
his sixties, he keeps both under control with 
daily medication. A tribute to his health is 
his 43-year record as a volunteer blood do- 
nor; he has given over 15 gallons of blood to 
the Red Cross. Helen worries about her 
weight — she would like to lose a "few" 
pounds — but she has no other health con- 
cerns. 

Both have been sports enthusiasts since 
childhood, and they play tennis several 
times a week. Their diet consistently has 
been the type that doctors today describe as 
"prudent," high in vegetables and fruits, 
with meat limited to perhaps three servings 
a week. 
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If Richard and Helen are "typical" of heart 
study participants, so too is John, 66. Like 
many Americans, he acknowledges with a 
sigh, " I should exercise more and get my 
weight down." The owner of a television 
sales and service center, he leads a seden- 
tary life. For his once-a-week golf game, he 
rides a cart. He carries about 185 pounds on 
his 5-foot 9-inch frame. 

John credits the heart study staff with dis- 
covering 9 years ago that he had high blood 
pressure, a condition for which he now 
takes daily medication. But it took a heart 
attack 4 years ago, followed by several pain- 
ful attacks of gout, to push him into making 
dietary changes such as cutting back on salt 
and alcohol. While he relishes his wife 
Lena's traditional Italian cooking, he now 
passes up the chicken livers and other 
organ foods he once loved, and he trims the 
fat from meats. 

"I'm learning," he says with a grin. "And 
I'm glad that my four children pay more at- 
tention to their health than I ever did." 

John's son P&ul, 35, who also works in the 
family business, is 6 feet tall and weighs a 
solid 210 pounds, the result of years of 
weightlifting. He works out at a health club 
for 90 minutes three times a week, although 
the emphasis, he notes, is on body-building 
rather than on strength or endurance. Know- 
ing that he has borderline high blood pres- 
sure, averaging about 140/90, he has bought 
an electronic sphygmomanometer to 
monitor his pressure himself. "Last time, the 
doctor told me to restrict salt and keep my 
weight down, which I try to do. I wasn't ad- 
vised to take any medications, and I would 
like to avoid medication therapy if I can," he 
says. 

His reason for enrolling in the offspring 
study is an eminently practical one. "I'm not 



the type that goes for checkups often. I fig- 
ure that if there's something wrong, the doc- 
tors there will find it soon enough." 

Like John and Paul, Dr. Castelli affirms 
that Framingham residents may be more 
knowledgeable about health risks than most 
other Americans, but they are no more likely 
to make major changes in their lifestyle until 
they feel personally vulnerable. Younger 
Americans tend to be more health con- 
scious than their parents, he adds. Framing- 
ham offspring, for example, tend to have 
lower cholesterol levels than their parents 
did at the same age; their blood pressures 
also are lower and they smoke less. 

Ronald, 42, a participant in the offspring 
study, reflects this trend. His father died of 
heart disease in 1967 at age 47. The odds 
were 50/50 that both Ron and his brother 
would inherit their father's predisposition to 
have excessively high cholesterol, but luck- 
ily, they did not. 

"I quit smoking shortly after my father 
died and began exercising regularly; I now 
play squash three times a week," Ron re- 
ports. His wife, Linda, drastically altered the 
family diet. "We used to eat red meat vir- 
tually every night; now we rarely do. We eat 
chicken or fish, along with lots of salads, 
and we have fruit for dessert," she explains. 
Her recipes come from The American Heart 
Association Cookbook. 

The couple does have one dietary indul- 
gence: "We prefer the taste of butter to that 
of margarine," Ron admits. "But if my cho- 
lesterol level, now 155 mg/dl, were to go up, 
we'd cancel the butter," he claims. 

"Diet is the key to wiping out the epi- 
demic of heart disease in this country," Dr. 
Castelli asserts. "We know what to do, but 
we don't do it. We seem to be addicted to 
our lifestyle." Moreover, few physicians 
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seem interested in nutrition, he contends. 
"The main focus in American medicine is 
on the squealqr wheel, on treating acute 
crises; you have to be sick to get attention. 
Medical insurance will pay for coronary by- 
pass surgery, but not for instruction on diets 
or other preventive care." 

"For the first 10 years of the Framingham 
study, no one knew what the data meant," 
Dr. Castelli relates. "During the second 10 
years, we had no proof that altering risk fac- 
tors would make a difference. But during the 
third 10 years, the benefits of changing be- 
havior became apparent." 

"While doctors today are paying attention 
to high blood pressure, many still haven't 



picked up on cholesterol," he asserts. "They 
wait until total cholesterol is over 300 to 
take action. At that point, it's hard to budge. 
People whose cholesterol levels are under 
250 are easier to change." The average cho- 
lesterol level of people in Framingham who 
get heart attacks is 244 mg/dl. 

In a small study looking at the impact of 
diet on cholesterol levels, 21 strict vege- 
tarians in Framingham were persuaded to 
eat meat for 4 weeks. By the end of that peri- 
od, their total cholesterol rose by 19 per- 
cent. Their systolic blood pressure rose by 3 
percent. Returning to the vegetarian diet re- 
versed these effects. In vegetarians, whose 
total cholesterol levels tend to be lower than 
150 mg/dl, heart attacks are rare. Dr. Castelli 
says. 

The ratio of total cholesterol to HDL!s 
(high density lipoproteins) is a better predic- 
tor of heart disease than the determination 
of total cholesterol alone. Dr. Castelli notes. 
"Anyone with a ratio of 4.5 or higher is in 
trouble," he asserts. Yet two-thirds of the 
men and half of the women in the United 
States are in this high-risk group. 

Dr. Castelli, 53, is his own best advocate 
for a sensible lifestyle. He is from a high- 
risk family; both his father and brother had 
heart attacks in their forties. 

"In 1977, just as we were becoming con- 
vinced that HDL!s were important in protect- 
ing a person from a heart attack, my own to- 
tal cholesterol was 270, and the ratio of my 
total cholesterol to my HDL!s was 4.5," he re- 
lates. "1 went on a prudent diet and started 
running; 1 had never previously exercised, 
and it took me 25 minutes to do 2 miles. 
Now, I'm down to about 16 minutes. My total 
cholesterol is 200, and my HDL ratio is 
much better, just over 3. Probably, 1 have 
modest disease because 1 got started too 
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lale. Today, I eal defensively. Fish, pasta, 
vegetables, fruits, and cereal grains are the 
staples of my diet." And, he adds, "I never 
eat hamburgers, hot dogs, or salami." 

What lies ahead for Framingham? Like 
Janus, the study simultaneously is looking 
toward aging and toward early predictors of 
heart and blood vessel disease. 

As the Framingham population grew 
older, stroke became a natural focus of 
study. Dr. Philip Wfolf, who heads this part of 
the Framingham study, comments, "Cerebro- 
vascular accident, the term commonly used 
for stroke, implies whimsical bad luck. But 
stroke turns out to be the end of a chain of 
events set in motion many years before." 
The major underlying cause of stroke is high 
blood pressure, a fact previously suspected 
but first documented in Framingham, he 
adds. 

"Today, the message that dramatic and 
marked elevation of blood pressure needs 
treatment is well accepted by both physi- 
cians and patients," says Dr. Wfolf, who is a 
professor of neurology at Boston University. 
"But controversy still exists concerning the 
treatment of moderate and mild hyperten- 
sion. P&tients generally are asymptomatic; 
the damage proceeds silently. But once a 
person has had a stroke, the battle is essen- 
tially lost. Pulling out all the stops in the in- 
tensive care unit is too little, too late." 

"Prevention," he insists, "is the answer." 
In fact, improved control of blood pressure 
has been associated with a more than 40 
percent decline in U.S. stroke deaths in the 
last decade. 

As Framingham offspring grow older, doc- 
tors hope to learn more about the role ge- 
netics plays in stroke. They also will look at 
the nature and degree of disability and the 
factors that determine whether someone 



who has had a stroke can be cared for at 
home or requires a nursing home. 

The offspring joined the Framingham 
study in 1972. Eight years later, Joseph 
Stokes and his colleagues conducted fol- 
lowup exams that included exercise stress 
tests. "The abnormalities we saw on the ex- 
ercise tests reflected the risk factor profiles 
made at the start of the study," reports Dr. 
Stokes, who is a professor of medicine at 
Boston University "This finding highlights 
the usefulness of the exercise test, one of 
the few available noninvasive techniques for 
studying heart function, to predict coronary 
heart disease," he adds. Currently, the off- 
spring study is exploring psychosocial is- 
sues with the aid of a lengthy self-adminis- 
tered questionnaire. Additionally, 24-hour 
food surveys will help show how the diet of 
the younger generation compares to that of 
their parents. 

"The study is not supposed to alter par- 
ticipants' behavior," acknowledges Dr. 
Stokes, who worked full-time on the project 
in the 1950's and holds the distinction of 
being "examining physician number 10" on 
a roster that now numbers 78. "But if we see 
patients making mistakes in their health be- 
havior, it*s irresponsible not to counsel 
them," he insists. 

Framingham, Dr. Stokes believes, has al- 
tered the way doctors practice preventive 
medicine. "It has provided a rational basis 
for assessing risks, identifying changes in 
health behavior to modify risk factors in 
helping the patient maintain good health." 

"Framingham led the way and showed 
where intervention trials should go," he as- 
serts. "It has done more than any other 
study in the history of mankind to identify 
the causes and consequences of coronary 
heart disease." 



67 



71 



Judging the News 



Breakthrough. Danger. Discovery. Heart at- 
tack-causing. Such words appear in newspa- 
pers, magazines, and books and on radio and 
television every day. Health and other scien- 
tific information comes to us not only as 
news, but also in the guise of entertainment, 
advertising, and even comic strips. 

What sources can you trust? How can you 
judge whetner you are getting conclusions 
based on solid evidence or merely opin- 
ions? 

Most scientific information obtained by 
the general public is filtered through jou^ 
nalists who read scientific publications, at- 
tend conferences where scientists present 
their findings* and talk directly with the sci- 
entists themse^es. Journalists and their edi- 
tors also recede press releases from unive^ 
sities and medical centers, goverrunent 
agencies, drug companies, public relations 
firms, and even individual scientists. Thus, 
the media serve as "gatekeepers," and the 
issue of what gets reported and what does 
not is hotly debated within the field. More- 
'^r, some scientists accuse journalists who 
wiite about science and technology of hav- 
ing an antiscience bias, while others claim 
ihey are guilty of indiscriminate, "gee-whiz- 
reporting. 

What appears in the press or on the air 
nay be a drastically condensed version of 
le story the reporter prepared, owing to the 
exigencies of available space or time. In ad- 
dition, it is the nature of science to con- 
tinually revise--what is true today may not 
be tomonrow. 



So the burden is on the consumer who 
wishes to become better informed to ask 
questions. The following questions, adapted 
from those developed by the National Heart, 
Lung, and Blood Institute in conjunction 
with the Centers for Disease Control, are a 
good start: 

• What are the scientists' qualifications? Are 
they speaking in their area of expertise? 

• Do the scientists stand to gain financially 
from favorable reporting of their work? 

• Vfys the research prospective (like the 
Framingham study, charting the natural 
history of the disease), retrospective (at- 
tempting to account for existing illness), 
or based on studies of people and ani- 
mals or at a cellular level? Are the results 
based on observation or intervention? 

• Have the findings been replicated by the 
same scientists and by others? 

• How large was the study, and how widely 
can the results be applied? 

• Are the findings part of an ongoing con- 
troversy? Do they support one side or an- 
other? Have conflicting points of view 
been presented? 

• \\buld the results make you consider alte^ 
ing your personal health behavior— to use 
or to avoid a drug or vaccine, or to re- 
ceive a type of x-ray or medical p oce- 
dure? If so, do you have sufficient facts? If 
not, do you know where to go for more in- 
formation? 



Source of Questloni : t^ing New HeaUh Research, Education 
DevHopmenl Cenfv. Inc.. 1983 (funded by Division oT Health 
Education oT the Center for Health Promotion and Education. 
CDC. NHLBl. NIH. PHS. HHS contract #200-79-O922X p. 65. 
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Looking Ahead 

Heart, Lung, and Blood 
Medicine In the Year 
2000 



Medicine is one field with no nostalgia for 
the good old days. Althout?!. medical history 
predates Hippocrates, the i.iformation base 
for modern medicine is loss than 50 years 
old. Concepts we didn't understand and 
technologies that didn'^ exist as recently as 
10 years ago are saving lives today And sci- 
entists contmue to lear i new information at 
a geometric rate. 

What does this knowledge explosion 
mean for the future of heart, lung, and blood 
medicine? Many things, and all of them 
good, say the experts. 

First, according to specialists in h' art, 
lung, and blood ixi'^dicino, it mean? \\<: have 
the tools and the knowledge in pla' P for dy- 
namic new medical carr p. ogrecs 



Knowledge and Tools for the nuurr^ 
One of the keys to the future is the science 
of molecular biology One of :he discipline's 
most important tools for the future is recom- 
binant DNA technology, sometimes called 
genetic engineering. !ls significance for 
medicine is hard to overstate. In its two 
most dranr.alic appiications, this technology 
can be used: 

• To construct a radioactive "probe" that 
will locate a specific gene in human 
tissue. This gene can then be analyzed — 
for defects, as in a diagnostic test for ge- 
netic disorders, or simply to learn more 
abo It its structure and function. 

• To pr(>duce and reproduce biological 
elements needed for medical therapy (as 
well as for agriculture or industry). These 
include dr>^c and therapeutic nondrug 
products svzh as proteins or clotting 
factors. 

How does this technology work? A gene is 
essentially a specific sequence of elements 



(called nucleotides) in DNA that forms a 
code for the production of a substance, 
such as a protein. Each protein also has a 
specific sequence of amino acids that corre- 
sponds to the nucleotide sequence in the 
gene. By recognizing a protein sequence, 
scientists can reconstruct the corresponding 
gene sequence and actually "build" a chain 
of nucleotides that matches that of the target 
gene. 

The building process is like a compli- 
cated gourmet recipe: There are many steps 
and a variety of exotic "ingredients." En- 
zymes called restriction endonucleases are 
used to cut DNA from human tissue into the 
desired pattern. The enzymes also cut DNA 
from yeast or bacterial cells (called the vec- 
tor substance) into a complementary nu- 
cleotide pattern. 

The human DNA is then added to vector 
DNA; the two bind together chemically and 
are mixed with another ingredient, usually 
the bacteria Escherichia co//. This combina- 
tion produces copies, or clones, of the 
human-vector DNA fragment. The portion of 
the fragment containing the desired gene or 
sequence can then be isolated (using addi- 
tional matched sets of nucleotide frag- 
ments) and "harvested," for use in gene 
probes, producing d;ugs and other thera- 
peutic substances, or basic studies. 

Another molecular biology tool with a Star 
VfyiTs title is monoclonal antibody technolo- 
gy This process fuses two cells into a hybrid 
cell with the properties of each parent. One 
parent cell is first immunized with an appro- 
priate antigen. The hybrid can then be 
cloned to produce large quantities of pure 
antibodies specific to the antigen. These 
monoclonal antibodies have the ability to 
target even trace amounts of proteins from 
the blood. They thus have potential in pro- 
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ducing proteins such as clotting factors that 
have therapeutic uses. The antibodies also 
have important diagnostic possibilities for 
congenital blood and thrombotic disorders. 
The textbooks say their potential long-term 
uses cannot even be imagined fully today. 

A variety of other disciplines and technol- 
ogies are also important tools for future 
progress. Cell biologists, for example, have 
recently developed the fastidious techniques 
necessary for cultivating the most critical 
human cell types. Analyzing these smallest 
living entities will allow an understanding of 
the basic mechanisms of life itself. 

"This will be particularly important with 
regard to the heart," says Dr. Claude Len- 
fant. Director of the National Heart, Lung, 
and Blood Institute. "We now know a great 
deal about the heart's functions and its dis- 
orders, but considerably less about its most 
intimate mechanisms." 

Epidemiology will provide statistical pro- 
files of disease and risk with improved 
methods of data collection and analysis. 
New laser technology and more sophisti- 
cated imaging techniques will be important 
in diagnosis and treatment. 

Where will these new tools lead? The ex- 
perts offer a variety of predictions for proba- 
ble advancements in treating and preventing 
disease. 



Lung Disease 



Halting Damage In 
Emphysema, Help for 
Transplants, Modifying the 
Immune Response 

Dr. Lenfant calls the next 15 years the "age 
of intervention" for lung disease. 

"TVventy years ago," he says, "science took 
a 'so-what' attitude about chronic lung dis- 
ease, becHUse very few people died from it 
and we could treat many of its symptoms. In 
the past decade, however, we began to 
focus more on basic mechanisms of the 
lung and its disorders. We now know it is 
possible to go beyond symptomatic relief to 
intervene in the disease process itself." 

Emphysema is a good example of a con- 
dition for which this kind of intervention is 
likely to be widespread by the year 2000. We 
know from basic research that the normal 
lung has an exquisite balance between two 
chemicals, the proteases and the anti- 
proteases. It also has a system of elastic 
fibers that lets the lungs expand and con- 
tract. When there is a protease-antiprotease 
imbalance, the lungs appear to lose the abil- 
ity to protect themselves against chemical 
destruction of these elastic fibers. This is 
what happens in emphysema. 

But, says Dr. Carl Franzblau, professor 
and chairman of biochemistry at Boston 
University School of Medicint., recent stud- 
ies discovered two sources of the chemical 
imbalance: (1) a deficiency of a protein 
called alpha-l-anti^rypsin (alpha, P|) that 
protects the antiprotease system and (2) cig- 
arette smoking. Some people with emphy- 
sema have a genetic defect that causes a de- 
ficiency of the protein shield alpha-1 -anti- 
trypsin. Cigarette smoking, which is the 
most common cause of chronic obstructive 
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pulmonary diseases such as emphysema, 
also appears to disrupt the antiprotease in- 
hibitors in people without an alphai P, defi- 
ciency 

"Once we knew the cause," says Dr. 
Franzblau, "we developed approaches to re- 
placing the missing alpha-1 -antitrypsin. The 
techniques are still experimental, but the 
prospects for widespread application in the 
next 5 years are excellent. The gene se- 
quence for alpha, Pj has already been 
cloned, and industry has begun synthetic 
production of the protein using genetic engi- 
neering technology" It is probable, he adds, 
that replacement therapy will also be ap- 
plied shortly to adult respiratory distress 
syndrome, which features the same protein 
deficiency. It may even have a long-term ap- 
plication to inhibiting atherosclerosis. 

Thanks to the protective properties of a 
new drug, cyclosporin A, single lung trans- 
plants (rather than heart-lung transplants) 
may also become a viable option in the next 
10 years. These transplants have been infre- 
quently attempted in the past decade, and 
results were discouraging, largely because 
the patient's immune system frequently re- 
jected the transplanted organ. 

Dr. Frank J. Veith, chief of vascular sur- 
gery and director of the transplant program 
at Montefiore Hospital and Medical Center, 
says that cyclosporin A has the potential to 
change all that. 

"Cyclosporin helps to suppress the im- 
mune response that rejects a transplant. It 
has markedly increased the success rate of 
single lung transplants in animal tests, and 
human transplants will be done experimen- 
tally in the near future if problems in procur- 
ing donor lungs can be solved. The drug has 
similar promise for heart-lung transplants, 
which better meet some patients' needs." 



Dr. Alfred Fishman, William Maul Measey 
Professor of Medicine and director of the 
cardiovascular-pulmonary division of the 
University of Pennsylvania School of Medi- 
cine, believes that the inflammatory pro- 
cesses in lung disease are another exciting 
frontier. 

The lung reacts to injury in different ways. 
Blood-borne cells are called to the site of in- 
jury to circumscribe the insult and to repair 
the damage. But once they arrive, they are 
orchestrated differently according to the 
nature of the injury. Some of the cells re- 
lease substances that destroy lung tissue. 

"In the next 10 years, we're going to be 
asking many questions about this process," 
Dr. Fishman notes. "What chemical mes- 
sage summons inflammatory cells to the site 
of injury? How can we separate the neces- 
sary action of these cells from the destruc- 
tive? At what point in the process should we 
intervene? The answers to these questions 
are not far out of reach. The information will 
allow us to design an appropriate drug ther- 
apy for conditions such as chronic obstruc- 
tive pulmonary disease." 

Immunology may also hold the key to the 
fibrotic diseases such as cystic fibrosis. Un- 
like destructive lung disorders such as em- 
physema, which make the lungs baggy and 
less elai^tic, fibrotic conditions make the 
lungs too stiff. This occurs when the tissues 
overproduce materials such as collagen, a 
fibrous protein. 

"We need to understand," says Dr. Franz- 
blau, "what turns the cells on to make more 
of these substances than they need. Once 
we do, we will ask what materials we can 
add, in what well-defined way, to stop or 
temper overproduction. This is likely to oc- 
cur by the turn of the ceritiiry." 

"Further down the line, perhaps by 2010, 
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molecular biology will probably allow us to 
turn off genes involved in overproduction or 
turn on genes that can help reverse the 
trend." 

What other developments do the experts 
foresee in It jg disease? 

Unravelir».^ the mechanism of disease in 
asthma and adult respiratory distress syn- 
drome (ARDS) is likely to produce new 
therapies for these conditions. In asthma, 
studies in progress concern the nature of 
the airway obstruction and how to reverse it. 
In ARDS, recent research has explained how 
surfactant, the lining of the small airways 
that keeps the lungs expanded, disinte- 
grates. Immediate work will focus on how to 
replace this important element therapeu- 
tically 

And Dr. Franzblau notes that the ciga- 
rettes made of vegetable leaves many people 
tried in their childhood may soon have an 
adult analogue. Scientists are now studying 
the composition of cigarette smoke, to iso- 
late the specific elements with toxic effects. 
Theoretically, says Dr. Franzblau, this could 
lead to a reformulated cigarette with fewer 
or no harmful health effects. 



Heart Disease 



New Treatments for Heart 
Attack, Lasers to ''Clean" 
Arteries, a Totally Implantable 
Artificial Heart 

Twenty years ago, the standard treatment for 
a heart attack patient was bed rest. With the 
advent of coronary care units, it became 
possible to monitor the patient's condition 
closely and control his heart rate, rhythm, 
and blood pressure through drugs. These in- 
terventions did not stop the heart attack, 
however, nor did they prevent the damage to 
the myocardium that occurs when heart 
muscle cells are deprived of oxygen. 

In the next decade, this situation is likely 
to change. Medicine's ability to control the 
effects of or avoid heart attacks shows dra- 
matic potential. New drugs and improving 
artificial devices point to a better outlook for 
patients with a variety of other heart prob- 
lems as well. 

The capacity to halt a heart attack before 
irreversible damage occurs lies in an experi- 
mental treatment called thrombolytic thera- 
py Physicians inject an enzyme either 



vials of freeze-dried tissue plas- 
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dlnlcal tests of the enzyme In 
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through a vein or directly into the coronary 
artery to break down the blood clot in the 
coronary artery that causes an attack. TWo 
enzymes, streptokinase and tissue type plas- 
minogen activator, have been shown to re- 
store blood flow to the heart, relieving chest 
pain and preserving healthy heart cells. Ad- 
ministered in the early stages of a heart at- 
tack, thrombolytic therapy could restrict the 
amount of lasting damage from a myocar- 
dial infarction. 

A number of problems need to be re- 
solved, however, before this therapy be- 
comes routine, says Dr. Eugene Braunwald, 
of Harvard Medical School in Boston. Basic 
details of how much of which enzyme to 
use, when to inject it, and whether intra- 
venous or direct injection into the coronary 
artery is more effective remain to be settled. 
But Dr. Braunwald believes that throm- 
bolytic therapy could have a major impact 
on heart attack care — once controlled 
clinical trials answer questions definitively 
It has potential as well in treatmg blood 
clots in other parts of the body 

Dr. John Ross, professor of medicine and 
head of the division of cardiology at the Uni- 
versity of California, San Diego, School of 
Medicine, notes that other interventions for 
heart attack also hold promise for the fu- 
ture. Work is proceeding, for example, on 
drugs to protect the myocardium from dam- 
age until thrombolysis dissolves an occlu- 
sion. Better prognostic profiles using com- 
puters will allow physicians to recognize a 
need for bypass surgery or balloon an- 
gioplasty ver>- early, perhaps before the re- 
covering heart attack patient leaves the hos- 
pital. 

In addition, better methods of limiting 
plaque growth through diet and drugs or re- 
moving plaque from the lining of the coro- 



nary arteries may avoid the progressive ar- 
terial narrowing that leads to heart attacks 
and stroke. Percutaneous transluminal coro- 
nary angioplasty (PTC.^) is currently used for 
the latter purpose, usually when only a sin- 
gle vessel is impaired (see p. 32). 

Dr. Michael Cowley, associate professor of 
medicine at the Medical College of Virginia, 
believes we do not yet know the boundaries 
of the technique^ usefulness. "About 30,000 
PICA'S were performed in 1983, and 50,000 
to 75,000 are projected for 1984. As we have 
learned more about the technique and the 
technology itself has improved, some cen- 
ters are beginning to perform PICA experi- 
mentally in more severe cases: Two- or 
three-vessel involvement, total occlusions, 
and prior bypass patients, for example. 
While we have good data demonstrating 
short-term success, we need more long-term 
evidence before broader applications be- 
corv'^ routine." 

A new technique using lasers to clear the 
vessels is also being tested. Lasers have al- 
ready been used medically for photocoagu- 
lation in eye disease and to remove dis- 
eased tissue. By using a fiberoptic catheter 
to guide the laser beam, the physician 
should be able to visualize the impaired 
heart vessels and direct the beam to cut 
away plaque. This would offer another alter- 
native to coronary bypass surgery for some 
patients. 

The prospects are also improving for peo- 
pfe with serious or end-stage heart disease. 
"In the next 15 years," Dr. Ross says, "we 
may be capable of inserting a totally im- 
plantable artificial heart. This improved 
heart will be smaller than the model we be- 
came familiar with in the experimental 
use in Dr. Barney Clark, with its large ex- 
ternal power source. Machine designs are 



Machine designs for artificial 
hearts are Improving, and prog- 
ress Is also being made In resolv- 
Ing rejection problems In animal 
models. 



A new technique using lasers to 
drv plaque from heart vessels Is 
cufrentty being tested. Ihls Image 
of a heart vessel partially oc- 
cluded with plaque was produced 

during these expeifanents. 79 
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improving all the lime, and progress also is 
being made in resolving technical problems 
using animal models. 

"With a larger donor pro'^-am," adds Dr. 
Ross, "we could also see an increase in 
heart transplantation. The technology and 
the surgical techniques already exist." 

The membrane called the endothelium 
may hold the key to improving another im- 
plantable device, the artificial heart valve. 
Dr. Alfred Fishman calls the endothelial lay- 
er in the blood vessels "the magic lining," 
because it interacts with each cell in the 
blood to maintain blood fluidity The endo- 
thelium has a variety of other functions as 
well, but basic science is just beginning to 
unravel its biochemical actions. 

When its mechanism is understood, ex- 
plains Dr. Fishman, we should know why 
foreign substances such as an artificial de 
vice cause toxic effects in the blood. Better 
materials and techniques can then be devel- 
oped to avoid rejection of a prosthesis. 

Dr. Cowley believes that the prevention of 
sudden cardiac death will receive increasing 




attention in \hv next deradc. "Kor some pa- 
tients," he says, "death is tf first manifesta- 
tion of coronary di.sea.se. Improved diai? 
nostic tools will help us identify polnitjal 
victims, but it will never be feasible lo 
screen everyone. We also need other kinds 
of markers to suggest which elements of the 
population an high risk." 

The future oi »rt medicine does not 
only encompass the new; it will also feature 
the improved. We already have drugs to pre- 
vent the erratic heart beats known as dys- 
rhythmia. In the next 1.5 years, experts say 
we will have better drugs, with fewer side ef- 
fects and easier regimens. We can already 
diagno.se and monitor heart disease with an 
array of sophisticated equipment for visu- 
alizing internal processes (see p. 39). This 
equipment will get more .sophisticated, al- 
lowing new applications and producing 
clearer, more accurate images. 



Blood Disease 

Genetic Engineering to Fight 
Sickle Cell Disease and 
Hemophilia; New Therapies for 
Thalassemia 

Techniques for diagnosing and treating 
blood disease are among the most ad- 
vanced in medicine. But being a frontrunner 
is not surprising, .says Dr. Jane Desforges, 
professor of medicine at Tufts University 
School of Medicine, because hematologi.sts 
have a head start; they can take blood from 
the body and study it, add or subtract ele- 
ments to it, and put it back, with much 
greater ease than manipulating an organ or 
a tissue. 

The opporturiity for indepth study of he- 
moglobin molecules has important implica- 
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tions for the future. The most dramatic is the 
potential ability to "turn on" a gene that 
could correct anemia in sickle cell disease. 
We know, Dr. Desforges says, that the body 
makes one kind of hemoglobin for a fetus in 
utero and another kind for children and 
adults, each with a different genetic 
makeup. 

Adult hemoglobin contains subunits of 
beta globin genes, mutations of which cause 
sickle cell disease and other genetic disor- 
ders, Fetal hemoglobin does not. Research- 
ers already knew that adults can use fetal 
hemoglobin without adverse effects. They 
thus reasoned that turning on the fetal he- 
moglobin gene could be therapeutically val- 
uable. 

Initial attempts to manipulate these genes 
involved a cancer drug called 5-azacytidine. 
Studies in baboons showed that this drug 
stimulates fetal hemoglobin synthesis; ex- 
perimental use in sickle cell patients in- 
creased production of fetal hemoglobin and 
correspondingly decreased sickled hemo- 
globin. Researchers still don't understand 
how 5-azacytidine works, however, and its 
use clinically is complicated by very toxic 
effects at high doses. 

While scientists continue to explore the 
mechanism of gene turn-on, they are also 
experimenting with other drugs. Hydroxy- 
urea is currently under investigation and 
appears to have the effects of 5-azacytidine 
with fewer complications. 

"We are close enough to understanding 
this process," says Dr. Desforges, "that 
clinical applications are very likely by the 
year 2000." 

Molecular biology is also on the threshold 
of a major breakthrough for patients with he- 
mophilia and other hereditary clotting and 
bleeding disorders. Using monoclonal anti- 



body and recombinant DNA techniques, 
genes have been cloned for most of the clot- 
ting factors and a number of related pro- 
teins, called fibrinolytic enzymes. 

These studies make it possible, says Dr. 
Harold Roberts, professor of medicine and 
pathology and chief of the division of hema- 
tology at the University of North Carolina 
School of Medicine, to study the regulation 
of these substances. We can then answer 
such questions as what biological signals 
begin and shut down their production. It 
should also be possible to produce synthet- 
ic clotting factors and fibrinolytic enzymes 
using cloning techniques. Drug companies 
have already begun preliminary studies that 
may lead to the synthetic production pro- 
cess for the clotting factor used in hemo- 
philia therapy factor VIII. Factor VIII is cur- 
rently produced for therapy by extracting it 
from donated blood. Artificially produced 
factor VIII will have a significant advantage, 
however; it will be a pure product, free of 
the danger donor blood presents of contam- 
ination by AIDS or hepatitis viruses. 

"According to the Hemophilia Council," 
says Dr. Roberts, "synthetic production of 
the other clotting factors should be feasible 
within the next 5 years. We should have ani- 
mal models of hemophilia A and hemo- 
philia B that can be used to study genetic 
aspects of coagulation disorders." 

Dr. Desforges also believes another kind 
of genetic therapy may become a reality in 
the more distant future: Inserting a normal 
gene into the bone marrow of a patient with 
a hereditarj^ disorder su( h as thalassemia. It 
is feasible to remove the rrarrow, treat it. 
and then reinfuse it. Globin genes have al- 
ready been cloned and techniques de- 
scribed for their insertion. Experiments are 
still needed, however, to determine whether 



Tmatmont wtth hydroxyurea "turns 
on** folal globin genes In nioiikoy 
red blood cells. In the flret sllcle» 
there Is no fetal hemoglobin (the 
daik circles) In the cells. At day 
62, 6 days after a course of 
treatment with hydroxyurea, fetal 
hemoglobin appears (slide 2). 
Slide 3 shows a substantial 
amount of fetal hemoglobin, fol- 
lowing six courses of hydroxyurea 
treatment. 
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Prevention of lllnoM will be an 
Important focus In the next 15 
yearn, paiticulariy for cardiovascu- 
lar disease. 



Life Savers. 




Blood hi^sinv. lii'at i( forlifc. 



Dr. Desforges points to current trials of 
new drugs for sickle cell disease that inhibit 
the sickling process and relieve symptoms 
during a crisis. Another new agent, desferol, 
promises major benefits for patients who 
need transfusions for long periods of time, 
This drug prevents the iron overdose that 
often accompanies long-term transfusion re- 
quirements. Already in experimental use for 
thalassemia, desferol should also prove 
useful for patients with aplastic anemia and 
other states in which red cell production is 
ineffective. 



the inserted normal gene would produce 
enough normal hemoglobin to be therapeu- 
tic, without associated effects, The pros- 
pects are particularly bright for thalassemia, 
in which there is a profound deficiency of 
certain globin chains, but no abnormal 
globins present. 

Thalassemia patients also have another, 
shorter term option. The techniques have 
been developed for transplanting healthy 
bone marrow from a matched donor, and 
this procedure has been used to treat sev- 
eral life-threatening blood diseases. "Chil- 
dren with severe thalassemia have little 
hope of leading a normal life," Dr. Desforges 
notes. "For those with an appropriate donor, 
even the risks associated with transplanta- 
tion may become acceptable." 

As is the case with heart and lung dis- 
ease, the future holds better diagnostic tools 
and drug therapy for blood diseases. Dr. 
Roberts says that magnetic resonance scan- 
ning will allow physicians to visualize 
thrombi, or blood clots, in the veins and ar- 
teries, and beta ultrasound will allow them 
to pinpoint sclerotic lesions in the vessels. 



Beyond Treatment 

Disease Prevention 

Health advances iti the 2()th century have 
come as often from preventing disease as 
from improving treatment. Prevention is usu- 
ally more difficult, however, because it re- 
quires understanding the fundamental 
causes and mechanisms of a disease. 

This will be an important focus in the 
next 15 years, particularly for cardiovascular 
disease. The experts say we are likely to 
learn much more about risk factors for heart 
disease and stroke and how to reduce them. 
Critical concerns include: 

• The idea of susceptibility Why, for exam- 
ple, are some people who eat high so- 
dium diets prone to develop high blood 
pressure, when others can eat all the salt 
they want without harm? When we under- 
stand this mechanism, we will be able to 
pinpoint those who should avoid salt. 

• Predicting occurrence and outcome of 
disease. The concept of "risk factors" for 
disease has been firmly established. 
Groups of people can be classified ac- 
cording to level of risk, but we cannot yet 



EKLC 



78 



predict which individuals will develop a 
disease. Studies are under way to in- 
crease the sensitivity of current risk pro- 
files. The overall effects of having different 
combinations of risk factors and differ- 
ences in risk in different geographic areas 
or age groups will become better under- 
stood. 

Helping people modify unhealthy behav- 
iors. Telling a person that smoking, over- 
eating, or other behaviors arc bad clearly 
is not enough to make him or her change 
unhealthy habits. One of the most critical 
areas of research is exploring what moti- 
vates people to change their behavior, 
what skills they need to do it, and how 
they can maintain new habits for a life- 
time. Topics we should learn a great deal 
more about in the next 10 years include: 
Which smoking cessation techniques are 
most effective; what are the most effective 
diets and approaches to reducing sodium 
and cholesterol; and how does health pro- 
fessional-patient communication affect 
behavior change. 

Identifying the causes of heart disease. 
Dr. Claude Lenfant believes that in the 
next 20 years scientists will elucidate the 
key to preventing cardiovascular disease: 
understanding its causes. We still do not 
know, for example, what combination of 
factors leads to high blood pressure, 
heart attack, or stroke. Understanding the 
most intimate mechanisms of the heart is 
principally a task for basic scientists. With 
this understanding, we can develop new 
approaches to prevention. One example 
is the possible relationship of diet to 
blood clotting. Once platelet aggregation 
responses become clear, we may be able 
to modify our diets to avoid a clotting re- 
sponse that leads to heart attack or stroke. 



The Future 

Following All the Paths 
to Progress 

The experts disagree about whether the next 
15 years will see a similar — or greater — level 
of medical progress than the past 15. Dr. 
Lenfant believes that the difference may be 
less in the amount of progress than in the 
kind of advancements that occur. "We are 
unlikely," he says, "to see the same kind of 
quantitative progress that has marked the 
past 10 years. We have already reduced cor- 
onary heart disease mortality by 25 percent 
and stroke mortality by 40 percent. We won't 
see another 25 or 40 percent reduction by 
the year 2000, because there is a limit to 
how far you can push back the time of 
death. 

"What we will see are advances that are 
qualitatively more important, because we 
will be going deeper and addressing the 
most serious questions medicine has to ask. 
These advances will enhance the quality of 
health during our longer lifespan." 

Dr. Lenfant also believes that only a multi- 
factorial approach will produce the break- 
throughs we've come to expect of modern 
medicine. 

"We need to move into the future from 
both ends of the biomedical research con- 
tinuum. We need to have a focus on basic 
science and clinical applications. But we 
have to balance it by validating and demon- 
strating new approaches and research in 
prevention. With a comprehensive ap- 
proach, there is every reason for optimism." 
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Research 

How Is It Supported? 



Peer Review and Award Process for Grants 



InvosllgBloiwInllMed 
unmi AppiicaiiofHt 



NIH Division of 
Research Grants 
(DRG) 



Receipt and 
Asslgnnnentto 
Initial Review Group 
and Institute 



2,500* NHLn 
Applicationt 



Institute Initial 
Review Group or 
DRG Study Section 



Peer Review for 
Scientific Merit 



2400* NHLBl 
Appllcflttons 
RooofiNTwndod fof 
Approval 



<84% of Applications) 



•Numbers are approximate. 



Heart, Lung, and Blood 
Disease 

Health and Economic 
Consequences 



Table 1 



Cause of Death 



10 Leading Causes of Death In 
the United States 



1. Diseases of the Heart 

2. Malignant Neoplasms 

3. Cerebrovascular Diseases 

4. Accidents 

5. Chronic Obstnicth^e Pulmonary Disease 

6. Influenza and Pneumonia 

7. Diabetes Mellltus 

8. Suicide 

9. Chronic Uver DIsease/ClrrhosIs 
10. Arteriosclerosis 

All Other Causes 



National Heart. 
Lung, and Blood 
Advisory Council 



Program, Policy, 
and Scientific 
Merit Review 



750*NHIi« 
Awanto 

Recommended 



<35% of Approvals) 



Institute 
Decision on 
Funding 



In 1983. about 2 million Americans died. More than 
half of those deaths were attributable to four causes: 
diseases of the heart, cerebrovascular diseases, 
chronic obstructive pulmonary disease, and ar- 
teriosclerosis. 



0 10 20 

Percent of Total Deaths 



30 



40 



Shaded bars indicate heart, blood vessel, lung, and blood diseases 
Figures are for 1982. 
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Table 2 



The Good News: Trends In 
Mortality for Cardiovascular 
Diseases 



f 30 



f 20 



flO 




CanHovaMular 
IHieniei 
Cofonary Heart 
DlMaM 

OefBbrovaacular 
DtaMMes 

NoncaidlovawiJlar 



1980 



1960 



1970 



Americans are enjoying better health than ever be- 
fore. During the past several decades, the overall 
death rate has declined and life expectancy has in- 
creased for all segments of the population. 

Leading the trend has been the decline in deaths at- 
tributable to cardiovascular disease. Over the past 
20 years, the age-adjusted death rate for all cardio- 
vascular diseases dropped by 38 percent, in compar- 
ison with a decrease of 16 percent In noncardiovas- 
cular deaths. This reduction In cardiovascular 
mortality rates accounted for 72 percent of the over- 
all national mortality reduction and for the major por- 
tion of the Increase in life expectancy during that 
period. 



Coronary heart disease has been a great concern as 
the major cause of death in men over 40 and in wom- 
en over 50. While overall death rates declined, coro- 
nary deaths increased up through the l960's, reach- 
ing a peak in 1963. Since that time mortality has 
decreased dramatically; the decline coincides with 
better management of patients with risk factors, im- 
proved treatment of acute episodes, and greater ef- 
forts at secondary prevention. 
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Table 3 



The Bad News: Death Rates for 
Chronic Obstructive Pulmonary 
Disease 




Age-adjusted death rates 

for COPD* expressed as 

pei . jnt change from 1950 rale 



1950 



3960 



1970 



'Includes asthma 



Ten million Americans are afflicted with chronic 
obstructive pulmonary disease (COPD), which em- 
braces emphysema and chronic bronchitis. 

While deaths from other causes have been declining, 
deaths attributable to COPD have increased sharply 
in recent years, especially among women. 

This phenomenon parallels the trend seen in lung 
cancer and is closely tied to patterns of cigarette 
smoking. 
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Table 4 



The Cost of Heart, Lung, 
and Blood Diseases 



Heart 

• 60 mllljon Americans (26% of the population) suf- 
fer from heart disease or hypertension. 

• lln 3 males and 1 in 10 females can be expected 
to develop some major cardiovascular disease tie- 
fore age 60. 

• Hypertension, the most prevalent cardiovascular 
disease, affects 46% of Americans in the 45-65 
age group and 66% of those over age 65. 

• Each year, cardiovascular diseases account for: 
875 million days of restricted activity 

264 million bed days 
26 million lost worK days. 

• The cost of cardiovascular diseases is the largest 
for any diagnostic group. In 1982. these diseases 
accounted for: 

$41.2 billion in direct costs— 1% of the GNP 
$52.6 billion in indirect costs (from loss of produc- 
tivity and premature death). 

• Coronary heart disease is the leading cause of pre- 
mature disability in the U.S. labor force and ac- 
counts for 19% of the disability allowances paid by 
the Social Security Administration. 



Lung 

• In the United States, approximately one person in 
five has a chronic respiratory problem. 

• 10 million Americans suffer from chronic obstruc- 
tive pulmonary diseases; 7.2 million have asthma. 

• Respiratory diseases ranK first as a cause of both 
doctor's visits and bed disability days. 

• Each year, lung diseases account for: 
22 million physician visits 

21 million days of hospital care 
2.7 million hospital discharges. 

• In 1981. the tab for lung diseases was: 
$7.6 billion in direct costs 

$18.8 billion in indirect costs. 



Blood 

• Blood-related disorders affect millions of Ameri- 
cans, both as primary diseases and as contributors 
to such diverse conditions as stroke, myocardial 
infarction, diabetes, hypertension, cancer, liver 
disease, and nephritis. 

• tn 1978, blood diseases were reported on death 
certificates as the underlying cause of 351.322 
deaths and as contributing factors in 579.846 
deaths 

• Sickle cell anemia afflicts nearly 50.000 black 
Americans; two-thirds of them can expect to die by 
age 35. 

• Over 20,000 Americans have hemophilia. While 
the disease causes few deaths, the majority of its 
victims require lifetime treatment with antihemo- 
philic factor at an average annual cost of $4,000 
per patient. 

• In 1983. blood diseases accounted for: 

1.7 million hospitalizations 
17.6 million hospital days 

6.8 million office visits 

• The cost of blood diseases in 1982 was: 
$1.5 billion in direct costs 

$700 million in indirect costs. 
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